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ABSTRACT 
 
Background 
          Cardiovascular disease (CVD) remains the leading cause of adult deaths because 
individuals continue to engage in behaviors that exacerbate CVD. New technologies such 
as coronary artery calcium (CAC) screening detect atherosclerosis before clinical disease 
is manifested. Awareness of an abnormal finding should enhance motivation for change. 
Purpose 
The purpose of this study was to examine how awareness of a CAC score affects 
risk perception, psychological well-being and health-promoting behaviors in persons at 
high risk for CVD.  
Methods 
This study used a descriptive prospective design with 174 high risk adults (3 or 
more major risk factors) who were recruited at a radiology center offering CAC scans in 
a Chicago suburb.  Baseline self-report surveys using the Perception of Risk of Heart 
Disease Scale (PRHDS), the Quality of Life Index-Cardiac IV (QOLI), the Health-
Promoting Lifestyle Profile II (HPLP II), the Benefits Scale and the Barriers Scale 
commenced immediately following a screening CAC scan but before results were known. 
Follow-up occurred 3 months later using mailed packets. Participants were compared 
across five CAC scoring groups.  
xiv 
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Results 
Participants’ mean age was 58 years; 62% male, 89% Caucasian, and well-
educated. Repeated measures ANOVA indicated that risk perception was not 
significantly changed over time or between groups, except for significant positive  
interaction in group with CAC scores of 101 to 400 (p=0.004). Risk perception scores 
were significantly higher in the positive (1 to >400) CAC group compared to the 0 CAC 
group (p=0.045). Most participants (68%) identified their risk category accurately, and 
76% were concerned enough about their results to follow up with their physician. Quality 
of life remained unchanged (p=0.06). Worry levels decreased significantly over time in 
three groups: normal (0 CAC) risk group, (p<0.001), low (1-10 CAC) risk group, 
(p=0.01) and mild (11-100 CAC) risk group, (p=0.01). Health-promoting behaviors 
increased in all groups over time (p<0.001).  Chi Square (McNemar) analysis indicated 
that risk reduction medication use increased in all groups, with significant increase in 
lipid (p<0.001) and aspirin intake (p<0.001). Responses from open-ended questions 
added validity to quantitative findings. The two strongest predictors for health behavior 
change were the variables perceived barriers (ß = - 0.41; p<0.001) and quality of life      
(ß = 0.44; p<0.001).   
Conclusions 
 Participants informed of positive (1 to >400) CAC scores reported significantly higher 
risk perception than those with 0 CAC scores, indicating greater awareness of the disease 
process in the positive CAC group. The PRHDS tool did not discriminate across the five 
xv 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
levels of CAC scoring, as the mean PRHDS scores remained unchanged except 
for a significant interaction in the moderate risk group. This may be due to the long data 
collection time period in which potentially increased risk perception had dissipated, the 
overall accuracy of their true personal risk throughout the study (thus no change), or the 
inability of the PRHDS tool to capture their true risk perception. While 68% of the 
sample identified their risk accurately, an area of concern was the low accuracy (24%) 
reported by the highest risk group. However, most participants did understand their risk 
and initiated actions to reduce it, such as follow up with their physician, medication usage 
and behavioral changes. Qualitative comments supported these changes. Psychological 
well-being was not affected by scoring information.  Barriers and quality of life were the 
strongest predictors of behavior change. 
Implications 
 A CAC score is a marker for atherosclerosis and provides a teachable moment.   
Therefore, healthcare providers should encourage individuals with ! 3 major cardiac risk 
factors to get an initial CAC scan to identify those at high risk for CVD who may require 
additional follow up. In addition healthcare providers should ensure that patients 
understand their CAC results and their individual risk for CVD. The information gained 
may be used to enhance motivation to engage in health-promoting behaviors and increase 
medication usage, especially among individuals with CAC scores >10. Future research 
should examine the impact of barriers and quality of life on behavior change and how 
CAC technology is being utilized within the community setting of individual 
practitioners.  
xvi 
  
 
CHAPTER ONE 
INTRODUCTION 
Unhealthy eating, a sedentary lifestyle and a frenzied chaotic pace have led to 
lifestyles that have placed Americans at great risk for cardiovascular disease (CVD). 
Nearly half of all deaths were attributed to unhealthy behavior (American Psychological 
Association, 2004). Despite a plethora of information regarding the benefits of a healthy 
lifestyle, many people still engage in harmful behaviors, but some do not. Learning more 
about what motivates some individuals to change behavior can have a huge impact on the 
health of the nation. New imaging technologies such as coronary artery calcium (CAC) 
scoring may serve as a powerful motivator for healthier behavior change. These scans 
provide evidence of subclinical atherosclerosis long before a cardiac event might occur. 
However, little research has been conducted regarding behavioral outcomes following 
this scan. This study sought to examine the motivational impact of CAC scoring as it 
relates to cardiovascular risk reduction.  
This introductory chapter provides support for the need for the study through the 
presentation of the following topics: overview of the health problem when risk factors for 
CVD are not controlled and the benefits of risk reduction; assessment tools used to 
identify individuals at high risk for a CVD event, including a description of the CAC 
technology and its potential to enhance motivation for behavior change; discussion of risk 
1 
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awareness and related theories, and a discussion of the impact of psychological well-
being and other influences on behavior change. Subsequently this chapter ends with a 
description of the research aims that guided this study. 
Overview of the Problem 
     Despite technological advancements in the diagnosis and treatment of CVD over 
the past century, it has remained the leading cause of adult deaths (Redberg et al., 2009). 
Only the pandemic influenza of 1918 surpassed CVD (Redberg et al.). Estimated annual 
costs for treating CVD are $286 billion (American Heart Association [AHA], 2011). It 
remains a dangerous and illusive disease, as 50% of men and 64% of women who died 
suddenly had no previous symptoms to warn them of an impending attack (AHA). The 
risk factors for CVD are well known. Non-modifiable risk factors are family history, age, 
gender, past history of a previous vascular event and evidence of atherosclerosis 
(National Cholesterol Education Program III [NCEP], 2001). Modifiable risk factors are 
smoking, hypertension, dyslipidemias, diabetes, and a sedentary lifestyle, along with 
contributing risk factors of eating a diet high in saturated fat and sodium, obesity and 
stress.  
However, changing harmful behavior is very difficult. The old adage it is easier 
said than done, clearly applies to health behavior change. Sadly, the overall results are 
dismal for behavior change that is maintained over time. Despite warnings from the 
Surgeon’s General Office and a multitude of national health organizations linking 
smoking to a variety of cancers and CVD, 20.6% of Americans continue to smoke (AHA, 
2011). Seventy percent of smokers state that they would like to quit smoking, but only 
2% to 3% actually quit on their own, and will remain smoke free at the end of one year 
! !!!
!
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(Krummel et al., 2001). One third of all adults have hypertension, with 80% of those 
aware of their condition, 71% being treated and only 48% at goal (AHA). Fewer than half 
of persons who qualify for lipid modifying treatment are receiving it and of those, only a 
third were at goal (AHA). The obesity epidemic remains a serious health problem with 
68% of Americans considered overweight and 34% of those considered obese (AHA). 
Most people who lose weight will regain it within five years (Burke & Cartwright, 2005). 
A total of 56% of adults reported that they do not participate in any vigorous physical 
activity that would cause them to sweat or substantially increase their heart rate (AHA). 
In addition, most people who are sedentary and overweight are at great risk for 
developing Type 2 diabetes, which is expected to expand exponentially across the nation 
as obesity rates increase. The magnitude of this problem will have far reaching 
consequences for the health care system, already burdened by an aging Baby Boomer 
population.  
          The benefit of risk factor reduction is enormous to one’s health by preventing the 
morbidity and mortality associated with an event from CVD. Tobacco related 
cardiovascular deaths could be reduced by 44% over the next fifty years if current 
smokers quit (Curry, Keller, Orleans & Fiore, 2008). Immediate benefits of cessation 
reduce hypertension, blood coagulation, and myocardial oxygen demands (Martin & 
Froelicher, 2005). Reduction in systolic and or diastolic blood pressure reduces risk for 
CVD (NCEP III, 2001). Systolic blood pressure is reduced 5-20 mm Hg with a modest 
weight loss of twenty pounds, 2-8 mm Hg with a reduction of sodium below 2,400 mg/ 
day, and 4-9 mm Hg with modest physical activity increases (Chobanian et al., 2003). 
Many large randomized controlled trials have shown that a 10 mg reduction in total 
! !!!
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cholesterol results in a 30% reduction in coronary heart disease (AHA, 2011). Physical 
activity produces many benefits: improved lipid profiles, decreased hypertension, better 
weight control, psychological well being and reduced risk for most chronic diseases and 
premature mortality (Dishman, 2003). Weight loss of less than 10% results in: improved 
lipids, glucose, sleep and decreased risk for CVD (National Heart, Lung, and Blood 
Institute (NHLBI), 1998). Tighter glucose control reduces risk for CVD (Wallhagen & 
Nolte, 2005). Even modest lifestyle changes such as small changes in eating and exercise 
have been shown to be beneficial in preventing diabetes (Diabetes Prevention Program 
Research Group, 2002).  
It is clear that controlling the risk factors for CVD reduces the progression of 
atherosclerosis. The challenge is to identify individuals before atherosclerosis progresses 
into a cardiac event with the hope that such risk awareness will lead to health promoting 
behaviors. The following section will describe four key components that affect CVD risk 
reduction: risk assessment tools to identify high risk individuals, risk awareness after 
receiving a health threat message and how that insight might alter risk perceptions, 
psychological well-being that may facilitate behavior change and other influences on 
health promoting behaviors to reduce CVD risk. 
Risk Assessment Tools 
Two of the most common tools currently being used to identify individuals at 
high risk for a CVD event are: the Framingham Risk Score (FRS) and coronary artery 
calcium (CAC) scoring technology.  
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Framingham Risk Score 
Global risk assessments such as the Framingham Risk Score (FRS) are simple 
calculations used to predict a 10 year risk of having a cardiovascular event (NCEP III, 
2001). This risk score is obtained by counting the number of points for a variety of risk 
factors: total cholesterol (TC), high density lipoprotein (HDL), age, gender, smoking 
status and high blood pressure (whether treated or untreated). This quantification score is 
gender specific. Persons at low risk for a cardiac event have scores less than 10%, 
intermediate risk lies between 10% and 20% while the highest risk score is over 20%. 
Persons with diabetes or with vascular conditions such as a history of myocardial 
infarction (MI), stroke, coronary artery bypass graft (CABG) surgery, abdominal aortic 
aneurysm (AAA), those with the presence of coronary artery calcium or carotid 
atherosclerosis are considered to automatically begin with equivalent scores of 20% risk. 
The FRS can assist clinicians to apply appropriate treatment modalities in order to reduce 
risk factors for CVD. Persons with a ! 20% risk of a coronary event in the next 10 years, 
are treated as aggressively as people who already have CVD. The FRS is also used to 
enhance motivation. For example, patients may be shown a calculated risk score that 
includes smoking and then another lower risk score if the smoking risk was removed.   
 The FRS has been used and studied extensively and is recommended by the Adult 
Treatment Panel (NCEP III, 2001). The American College of Cardiology 
Foundation/American Heart Association (ACCF/AHA) performance guideline writers 
discussed various available CVD global risk assessment tools and stated a preference for 
the FRS (Redberg et al., 2009): 
! !!!
!
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…the 1998 FRS has been assessed and validated in the broadest range of 
populations and had the most years of follow-up…Although the Writing 
Committee recommends that documentation of the Framingham 10-year risk 
estimate be the preferred method of assessing compliance with this measure, the 
use of another risk score is also acceptable if it is relevant to the 
patient/population. (p. 1374-1375) 
 
However, Naghavi (2007) in writing a summary from the Screening for Heart 
Attack Prevention and Education (SHAPE) task force, expressed concern for relying 
solely on the FRS to predict the vulnerable patient at risk for a CVD event: 
Although this approach [FRS] may identify persons at very low or very high risk 
of a heart attack or stroke within the next 10 years, the majority of the population 
belongs to an intermediate-risk group in which the predictive power of risk factors 
is low. Most heart attacks occur in this group. Consequently, many individuals at 
risk will not be properly identified and will not be treated to appropriately 
individualized goals. Others will be erroneously classified as high risk and will be 
unnecessarily treated with drug therapy for the rest of their lives. This strategy is 
neither cost-effective nor representative of good medical advice...when risk 
factors are almost universally present in a population, they do not predict the 
development of disease very well in individuals. (p. 4H) 
 
Others stated that the reason for the inaccuracy of the FRS to predict actual risk for an 
event, is related to valuable information being left out of the equations such as: poor diet, 
lack of exercise, abdominal obesity, low density lipoprotein (LDL), or thrombogenicity. 
Many authors called for more advanced screening that utilizes surrogate markers for 
atherosclerosis such as coronary artery calcium scoring as more accurate predictors of 
future CVD risk (Budoff et al., 2006; Greenland et al., 2007; Naghavi et al., 2006). 
Coronary Artery Calcium (CAC) Scoring Technology 
The CAC score is a marker for atherosclerosis and a measurement that is 
currently being used to predict risk for future events in order to intervene earlier (Naghavi 
et al., 2007). Patients faced with the knowledge of the health threat results or potential 
harm, should be motivated to take actions to reduce their risk. It is important to 
! !!!
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understand the association of CAC with atherosclerosis, the history of the technology, 
how it works, what the results mean, who should get a scan, and the benefits of CAC 
screening.    
Association of CAC with atherosclerosis. Atherosclerosis is a disease process 
that often begins in childhood and progresses with age. The LDL cholesterol is the main 
target of therapy because LDL becomes entrapped within the endothelium of the 
coronary arteries. An inflammatory process ensues with calcium deposition as an end 
result. The amount of calcium that is detected represents about 20% of the atherosclerosis 
that can be visualized with this technology (Budoff et al., 2006). While 80% of the 
noncalcified plaque or atherosclerosis can not be seen, the CAC that is detected correlates 
well as an estimate of the entire plaque burden. The CAC score technology identifies 
atherosclerosis in very early stages and has the potential to save many lives.  
How it works. Hecht et al. (2005) described the process. During one breath hold, 
30 to 40 images are obtained during ventricular repolarization. The four coronary arteries 
that are visualized are the left main, left anterior descending, circumflex and right 
coronary artery. No contrast is needed as the calcium deposits are easily visualized. See 
Figure 1 for an example of a CAC image. A score represents the total amount of calcium 
visualized within all four coronary arteries. It is a quick noninvasive test that takes about 
15 minutes to complete and has the equivalent dose of radiation as a mammogram (Nasir, 
Shaw, Budoff, Ridker & Pena, 2012). 
What the results mean. An Agatston scoring system was developed to interpret 
the findings (Agatston, Janowitz, Zuamer, Viamonte & Detrano, 1990). See Table 1. for 
an example of Agatston’s recommendations for CAC score results. A CAC score 
! !!!
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between 0 and 10 represents very low risk for a stenotic lesion or cardiac event (NCEP 
III, 2001). Individuals are encouraged to maintain a healthy lifestyle that prevents the 
development of atherosclerosis. In addition, a 0 score has a very high negative predictive 
value, which has approached 99% to 100% in many studies (Oudkerk et al., 2008). 
Therefore, a zero score is also being used as a filter before invasive tests are prescribed 
(Greenland et al., 2007).   
Scores between 11 and 100 represent a mild risk for a stenotic lesion. Budoff, 
Gopal and Gopalakrishnan (2006) found that only 2% of CAC scores <100 resulted in 
stenosis. However, even though the likelihood of a stenotic lesion is low, CAC scores 
>10 are considered an automatic risk equivalent equal to a FRS of 20% and require an 
LDL goal of <100 mg/dl. (NCEP III, 2001). Risk factors should be treated aggressively 
with lifestyle changes and or medications to prevent a worsening of atherosclerosis. The 
CAC scores >100 represent clinically significant atherosclerosis and an indication for 
“aggressive risk factor management” (AHA, 2011, p. e60). 
In addition to lifestyle changes and or medications to get LDL < 100 mg/dl. 
additional testing may be done to rule out a potential ischemic lesion. A score >400 is 
considered high risk (Greenland et al., 2007). Aggressive lifestyle management, risk 
factor control and follow-up with “diagnostic evaluation such as (eg, exercise testing or 
myocardial perfusion imaging) for coronary artery disease” (AHA, p. e61) is 
recommended.  
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Figure 1. Image of Coronary Artery Calcium Deposition (Santos, 2010). 
 
Table 1. Agatston CAC Result Recommendations (Agatston et al., 1990).                            
CAC Score Cardiac Event 
Risk 
Recommendation 
0 Normal 
 
Lifestyle changes and follow NCEP guidelines for 
LDL goal based on FRS 
1-10 Very low risk 
 
Lifestyle changes and follow NCEP guidelines for 
LDL goal based on FRS 
11-100 Mild risk  Lifestyle  changes and or medications to lower 
LDL < 100 mg/dl. 
101-400 Moderate risk  
 
Lifestyle changes and or medications to lower  
LDL < 100 mg/dl.  
May consider noninvasive stress testing to rule out 
ischemia. 
>400 High risk  Lifestyle changes and or medications to lower 
LDL <100 mg/dl.  
Evaluate for potential ischemia. 
 
The National Heart Lung and Blood Institute’s (NHLBI) CARDIA study of 3,043 
men and women between 33 and 45 years old found that 15% of the men and 5.5% of the 
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women had some calcium deposits (Loria et al., 2007). The NHLBI’s Multi-ethnic Study 
of Atherosclerosis (MESA) sampled 6,184 men and women between the ages of 45 to 84 
years (Bild et al., 2005). White men had the greatest percentage of calcium prevalence at 
70.4% with white women at 44.6%. Black men had 52.1% and black women 36.5%, 
Hispanic men at 56.5% and women at 34.9% and finally Chinese men were at 59.2% and 
women at 41.9%.  
Who should get an initial scan. Currently, CAC screening is recommended for 
adults who are found to be at intermediate risk as identified by a Framingham Risk Score 
between 10% and 20% (Greenland et al., 2007). CAC screening has not been 
recommended for high and low risk FRS individuals. The rationale is that those deemed 
at high risk with a FRS ! 20% should already be receiving aggressive risk factor 
reduction and the CAC score would not provide any additional information that would 
alter treatment. Those individuals at low risk with a FRS " 10% would not require 
aggressive treatment, and therefore the CAC score was deemed unnecessary. The SHAPE 
Task Force proposed that, “all apparently healthy men 45-75 years of age and women 55-
75 years of age with no known history of CHD and who are considered not to be at very 
low risk should undergo screening for atherosclerosis” (Naghavi, 2007). Individuals with 
risk factors for CVD should be screened. 
The cost of the CAC scan ranges around $400 (Scan Directory.com, 2007). 
However, costs have been coming down, approaching $100 in some centers. The 
radiology center in which this dissertation study was conducted discounted the cost of the 
test to $25 during February- Heart Month. Still, concerns remain about the likelihood of 
socio-economically deprived individuals being able to utilize the technology. 
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The benefits of CAC technology. The calcium score represents the burden of 
atherosclerosis and the level of subclinical CAD. Faced with the awareness of an 
abnormal CAC score, the individual may view this as the cue or trigger that alters risk 
perception of vulnerability for a cardiac event, which may enhance motivation to engage 
in health promoting behaviors to reduce risk from CVD. However, little is known 
whether this technology is the powerful tool it is purported to be. This study was 
designed to answer some of those questions.   
Risk Awareness and Risk Perception 
Webster (2000) defines risk as the “chance for harm or to put in danger” (p. 279) 
and awareness as “conscious knowing” (p. 23). Identifying an individual’s CVD risk is 
risk awareness. An individual must first be made aware of their risk for an adverse health 
threat. Perception is defined as “to grasp mentally” to “become aware of through the 
senses” (p. 239) Risk perception is the level of understanding of their risk. For instance a 
person could be made aware (risk awareness) of a very high abnormal CAC score but not 
perceive (risk perception) the result as a personal danger. Their risk perception is 
inaccurate and is a barrier precluding them from making the required behavior changes to 
reduce their health risk. Therefore, risk awareness is the knowledge of a health harm 
while risk perception grasps the significance of the finding. Risk awareness may be the 
first step in risk factor reduction but how that information is interpreted is risk perception. 
Higher levels of risk perception should serve as internal motivators that lead to behaviors 
that reduce the health threat. When confronted with a health threat such as a high 
Framingham Risk Score (FRS), or evidence of atherosclerosis as noted by the presence of 
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coronary artery calcium (CAC), it is expected that one’s motivation is enhanced to reduce 
the risk from harm.  
Rosenstock (1960) was one of the first researchers to really examine the impact of 
health threat messages. Initially, Rosenstock wanted to understand why individuals were 
not participating in tuberculosis screenings and following up with chest x-rays. His 
Health Belief Model (HBM) was designed to explain the interaction of one’s perceived 
susceptibility and severity from the health threat, benefits from reducing the threat 
through behavior change, barriers that often prevent taking action, cues that can trigger 
action, and the impact of positive self efficacy for doing the desired action (Rosenstock, 
Stretcher & Becker, 1988). The higher perceived risk from abnormal screening results 
could be seen as evidence of perceived susceptibility and vulnerability and thus become 
the trigger for change. However, before taking action, the individual must believe that 
changing behavior will reduce the health threat and must have confidence in his or her 
ability to take the steps to change the behavior. 
Rogers added another dimension to risk threat awareness within the Protection 
Motivation Theory (Rogers & Prentice-Dunn, 1997). He was concerned with 
understanding how information about a health threat could persuade an individual to 
adopt the recommendations of the healthcare provider. Protection motivation involves a 
change in attitude that would now consider behaviors to decrease the threat. Rogers 
cautioned that if the health threat was too intense within someone who lacked confidence 
to engage in the healthier behavior, there could be an exacerbation of the harmful 
behavior (Maddux & Rogers, 1983):  
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If response efficacy and/or self-efficacy are high, then increases in severity and/or 
vulnerability will produce a positive main effect [on motivation to act]. On the 
other hand, if response efficacy and/or self-efficacy are low, then increases in 
severity and/or vulnerability will either have no effect or a boomerang effect, 
actually reducing intentions to comply with the health recommendation. (p. 327)   
 
Therefore, the healthcare provider must consider an individual’s self-efficacy  
 
regarding the behavior change when discussing health threat information. It follows  
 
that the new tool of a FRS and a CAC score will raise awareness and increase the  
 
likelihood the positive health promoting behaviors will follow to decrease the risk  
 
for a CVD event. However, it is well known that many individuals are aware of their risk 
for CVD but still engage in harmful behaviors. Some other mechanism such as 
psychological well-being may help explain some of the resistance to behavior change that 
has been observed.     
Psychological Well-being 
It is one thing to raise risk awareness with evidence of subclinical disease such as 
a positive calcium score but if an individual’s psychological well-being is altered, the 
ability to receive the message may be impacted. Multiple researchers have shown that a 
negative mood state such as depression, stress, anxiety or fear impedes behavior change 
efforts (Fiore et al., 2009; Lett et al., 2005; Rozanski, 2005).  
Depression 
Depression is present in 5.4% of the general population (Pratt, 2008) and 19.8% 
of those with coronary heart disease (Thombs et al., 2006). Depressed individuals tend to 
withdraw from activities that would improve their lifestyle (Rozanski, 2005). Rozanski 
described the negative impact of depression on the ability to initiate healthier behavior 
change activities following CVD events. He advocated that clinicians treat depression 
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before initiating lifestyle counseling.  He also described other negative mood states that 
are barriers for behavior change: tense-tiredness anxiety, stress, pessimistic outlook, and 
hostility.  
Anxiety 
“Patients often self-manage negative moods through unhealthy behaviors such as 
smoking or eating…feelings of high tension or low energy may also serve as stimuli to 
the use of negative health habits” (Rozanski, 2005, p. 67-69).  
 Marlatt and George (1998) added another dimension to understanding a negative 
mood as a barrier to behavior change: 
We find that a lifestyle encumbered with a preponderance of perceived “shoulds” 
is often associated with an increased perception of self-deprivation and a 
corresponding desire for indulgence and gratification. This desire for indulgence 
translates into urges, cravings, and cognitive distortions that lead clients 
“unintentionally” closer to the brink of relapse. (p. 47).     
 
If the individual feels overwhelmed with the health threat message, a negative mood state 
or additional barrier may be generated. Rather than initiating a healthier behavior change, 
harmful behaviors take precedence as the individual attempts to lift the negative mood 
and reduce anxiety (Rozanski, 2005). It is imperative that the healthcare provider assess 
for a negative mood state such as depression or anxiety as a potential barrier for behavior 
change. If present it should be treated with psychosocial counseling techniques and or 
medications if needed. A patient centered counseling approach should be used to 
understand the patient’s perspective and concerns, in order to reduce the psychological 
barriers that impede health promoting behavior change.  
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Quality of Life 
Ferrans (1990) defined quality of life as “a person’s well-being that stems from 
satisfaction or dissatisfaction with the areas of life that are important to him/her” (p. 15). 
Patients and families place a high value on improvement of quality of life following 
medical interventions. However, one of the problems in measuring it has been 
“agreements on what constitutes overall quality of life” (Houston-Miller & Froelicher, 
2005). The ACCF/AHA 2007 Clinical Expert Consensus Document on Coronary Artery 
Calcium Scoring requested that future CAC research should contain quality of life data 
(Greenland et al., 2007). The Writing Committee agreed uniformly that the ideal 
assessment of cardiac tests would require clinical trials that utilize important patient 
outcomes such as improving the quality or quantity of a patient’s life (p. 405). Therefore, 
quality of life is an important construct that should be captured in research. 
Finally, while it is important that the individual understands their risk for CVD 
and the importance for behavior change, and adopts new methods for dealing with any 
negative mood state, many other factors exist that block the very best of behavior change 
intentions.  
Other Influences on Behavior Change 
Ideally, once the evidence of harm via a CAC score is presented to an individual, 
that risk awareness should increase risk perceptions and health promoting behavior 
ensues. However, behavior change is much more complex. The ability of an individual to 
change behavior to improve health or reduce risk is influenced by many internal and 
external factors from four spheres: personal, provider, organization and societal. This 
section describes three major influences on behavior change: common motivators to 
! !!!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!16 
!
initiate change, barriers that often block change efforts and facilitators that increase the 
likelihood of success. 
Motivation to Initiate Behavior Change 
 Motivation “provides a motive or reason for doing something” (Webster’s New 
World Dictionary, 2000, p. 209). Psychologists describe motivation as the influence that 
accounts for the initiation, direction, intensity, and persistence of behavior…that varies 
over time (Bernstein, Penner, Clarke-Stewart & Roy, 2003). From a nursing perspective, 
Bastable (2003) defined motivation as “a psychological force that moves a person to take 
action in the direction of meeting a need or goal, evidenced by willingness or readiness to 
act” (p. 545). The following additional key motivators will be discussed: compliance with 
social norms, internal locus of control and expectancy value of behavior change. Risk 
awareness is a powerful motivator that has already been discussed.  
Social norms compliance. Compliance within social norms involves the external 
influences upon an individual, which may increase motivation to reduce a health threat. It 
is the desire to change behavior to reduce the health threat in order to please others. For 
instance, a spouse concerned about the health of a loved one after a CVD event, may 
exert social pressure to encourage the individual to stop smoking. Spousal social pressure 
has been shown in several studies to improve health outcomes (Lett et al., 2005). Social 
norm compliance runs the gamut from adhering to the wishes of a concerned loved one, 
to following the recommendations of a healthcare provider to obeying the societal norms 
and laws of the land.  
Internal locus of control. Internal locus of control refers to the influences of 
one’s beliefs and culture. Individuals with an internal locus of control believe that their 
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behaviors influence their health and that they control their destiny (Giger & Davidhizer, 
2004). They tend to be more receptive to the healthcare provider’s advice. They believe 
that their actions will improve their health. If provided with a health threat message such 
as an abnormal CAC score, they will be more motivated to take action to reduce the 
health threat.  
Expectancy value of behavior change. The Health Belief Model, the Theory of 
Reasoned Action, the Theory of Planned Behavior, the Integrated Behavioral Model, as 
well as many other theories promise a value of a health benefit for the behavior change 
initiated. Expectancies influence behavior in that all things being equal, people tend to 
choose to initiate a behavior that increases positive outcomes or reduces negative 
outcomes (Baranoski, Perry & Parcel, 2002). There exist a myriad of benefits for health 
behavior change. These underlying beliefs impact intention to change behavior. The 
harmful as well as healthier beliefs can be challenged or reinforced by the healthcare 
provider or through other sources such as media campaigns.  
Motivation is an important ingredient that may move an individual into 
considering taking action to reduce a health threat. Awareness of an abnormal CAC score 
can serve as a motivator, but barriers often become an overwhelming problem that may 
prevent one from engaging in health promoting behaviors. 
Barriers That Diminish Behavior Change Efforts 
Unfortunately, a myriad of barriers or roadblocks exist that can preclude one’s 
ability to initiate behavior change to improve health. One barrier is a negative mood state 
that has already been discussed. Additional key barriers to be discussed include: external 
locus of control, provider, financial and media barriers.   
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External locus of control barriers. Persons with an external locus of control are 
described as “individuals who believe that efforts and rewards are uncorrelated, and who 
thus have external feelings of control, view the future as the result of luck, chance, or fate 
and are less likely to take action to change the future” (Giger & Davidhizer, 2004, p. 
125). These individuals tend to be fatalistic about their health, death and disease and 
perceive that behavior change is useless, as they have little control over the outcome of 
their health. They often are resistant to a healthcare provider’s behavior change 
suggestions.  
Provider barriers. In the battle to reduce CVD, multiple organizations and 
guideline writers have described the importance of medication adherence, especially in 
regards to hypertension, dyslipidemias and diabetes. However, providers may 
unknowingly create barriers for medication adherence by prescribing medication 
regimens that are too difficult for patients to follow, require long duration of therapy and 
include unsatisfactory side effects. Cognitive impairments or illiteracy among patients 
also create a barrier to following the medication recommendations from the provider 
(Schlenk, Dunbar-Jacob & Engberg, 2004). 
Many barriers originate within the healthcare provider who is responsible for 
initiating the lifestyle counseling. One study reported that only half of physicians asked 
about smoking status (Martin & Froelicher, 2005) and another found only 60% of 
primary care physicians addressed obesity (Manson, Skerrett, Greenland, & VanItalle, 
2004).  The physicians cited lack of training, time, patient materials and reimbursement 
as other reasons for not initiating lifestyle counseling (Houston-Miller, Hill, Kottke & 
Ockene, 1997 & Artinian et al., 2010).  
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The other barrier between the patient and the healthcare provider lies within the 
quality of their relationship (Ockene, Hayman, Pasternak, Schron & Dunbar-Jacob, 
2002). Some patients are fearful of wasting their physician’s time, and are too 
embarrassed to admit their unhealthy behaviors or ask what they perceive are ignorant 
questions. Many patients perceive that the physician is not listening to them, even when 
they do ask questions.  
 Financial barriers. Financial barriers can also be strong disincentives to behavior 
change. It is projected that personal medical costs will continue to increase 6% to 7% 
annually, making preventive check ups unaffordable (Penner, 2004). Some new 
prescriptions that control lipids better are too expensive and may reduce adherence. 
Purchasing cheaper fast food may be more attractive than the more costly lean meats, 
fruits and vegetables.  
 Media barriers. The media also poses barriers. Advertisements alter cognitive 
choices both consciously and unconsciously. For instance, consumers know that 
McDonalds’s serves fast foods high in saturated fat and salt, which is harmful and will 
increase cholesterol levels and blood pressure. Hesitations to eat unhealthy food are 
overcome because of the warm, family, friendly environment, which McDonald’s creates 
to allure customers. Cheap super-sized fast food is also an enticement (Spurlock, 2003). 
Barriers impede the best of intentions to engage in health promoting behavior while 
facilitators increase the likelihood that the behavior change may be initiated. 
Facilitators for Behavior Change  
Facilitators for behavior change are the reciprocal of barriers. For instance, mass 
media campaigns that facilitate the consumption of fruit and vegetables to promote health 
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are the opposite of the advertisement barriers to purchase fast foods. Some key 
facilitators will be discussed: self-efficacy, social support, provider influence and 
environmental support.   
 Self-efficacy. Self-efficacy was defined within the Social Learning Theory as 
one’ confidence in performing a particular behavior and in overcoming barriers to 
that behavior (Bandura, 1997). According to the Health Belief Model self-efficacy must 
be present for behavior change to occur (Rosenstock, Stretcher & Becker, 1988). Success 
with one change (eg. increasing physical activity) begets additional change, as self-
efficacy is increased. Perhaps the words of Henry Ford, a prominent businessman, 
captured the spirit of Bandura’s theory best when he said, Whether you think you can or 
whether you think you can’t, you’re right (Connellan, 2003).  
 Social support. Social support has also been shown to positively influence 
behavior change (Lett et al., 2005). It involves tangible assistance, financial support, 
information, and emotional support. It is also the perception that support would be 
available if needed and greatly improves behavior change outcomes. 
  Provider influences. Physicians and nurses play a collaborative role in helping 
facilitate behavior change. Counseling techniques such as motivational interviewing (MI) 
are patient centered approaches that are the most effective (Rollnick, Mason & Butler, 
1999 & Artinian et al., 2010). MI is a patient-centered, collaborative interaction that rolls 
with the resistance of the individual, to help him or her to understand the importance of 
change and build self-efficacy to help them change. MI can be used within brief 
encounters with patients and has been shown to enhance smoking cessation rates (Fiore et 
al., 2009; Ockene et al., 2002) and physical activity participation (Redberg et al., 2009).  
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Environmental influences. The environment in which an individual lives and 
works also influences behavior change. For instance, smoking bans have made tobacco 
use less accessible, which facilitates cessation (Cooper, 2004). Communities also 
encourage behavior change through supportive environments. If citizens desire to 
increase physical activity, safe neighborhoods and parks must be developed.  
Significance 
The evidence is clear that primary prevention to reduce risk factors for CVD 
works, especially if those at greater risk are identified early. Coronary artery calcium 
scoring is a technology that identifies subclinical atherosclerosis in very early stages. The 
higher the score, the greater the risk for a future event (Naghavi et al., 2006). Patients 
faced with the knowledge of the health threat or potential harm, should be motivated to 
take actions to reduce their risk. Little is known whether the awareness of a positive CAC 
score increases risk perception and thus motivation to reduce risk factors for CVD. These 
technologies may serve as powerful tools to increase personal risk awareness for CVD. 
The picture is worth a thousand words concept describes the impact of the teachable 
moment when individuals are presented with abnormal results of asymptomatic 
atherosclerosis. It is one thing to have abnormal risk factors that may potentiate CVD but 
far another thing to be confronted with evidence of personal damage from those risk 
factors. Risk awareness regarding susceptibility and severity of CVD should be 
heightened and motivation enhanced to change behaviors in order to avoid potential 
harm.  
 Armed with the knowledge of a CAC score nurses play a vital role by optimizing 
the teachable moment to assist with behavioral change. In addition, by understanding the 
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patient’s individual motivators, facilitators and barriers for behavior change, the nurse 
will be able to make the most of each encounter. 
Study Aims 
Purpose of the Study  
The primary purpose of this research study is to better understand how the 
awareness of a CAC score alters risk perception, psychological well-being and health-
promoting behaviors in persons at high risk for CVD. There were two aims for this study.!!
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CHAPTER TWO 
LITERATURE REVIEW 
 Chapter one provided an overview of the health problem when risk factors for 
CVD are not controlled as well as the benefits of CVD risk reduction. A description of 
the relatively new CAC technology followed with a discussion of its potential to enhance 
motivation for behavior change by raising risk awareness for CVD. Finally, a discussion 
of the key influences on behavior change such as psychological well-being, motivators, 
barriers and facilitators was provided.  
This section is divided into two parts. The first section describes the conceptual 
framework that was utilized for this study. The second half reviews the literature 
conducted between 2004 and 2011 that focused on risk awareness and motivation to 
reduce risk factors for cardiovascular disease (CVD). 
Models for Behavior Change 
 The Health Belief Model (HBM) and the Transtheoretical Model (TTM) provide 
excellent frameworks for understanding how calcium score awareness alters behavior to 
reduce risk factors for CVD. This section describes each model followed by a discussion 
of how the Health Belief Model will serve as the conceptual framework for the study. 
Health Belief Model (HBM) 
The cardiovascular risk factors for coronary artery disease are well known and have 
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previously been described within this paper. The focus of primary, secondary and 
tertiary prevention is to raise awareness of the risk or harm that may occur if CVD risk 
factors are not reduced. The HBM fits well within all three levels of prevention. See 
Figure 2. for a diagram of the HBM described by Champion and Skinner (2008).  
Figure 2. Diagram of the Health Belief Model. 
 
Champion and Skinner (2008) used the HBM extensively to examine breast 
cancer screening behaviors. The modifying factors of age, gender, ethnicity, personality 
and knowledge influence individual beliefs. Individual beliefs consist of perceived 
susceptibility to and severity of disease, perceived benefits of taking action to reduce the 
risk, perceived barriers or obstacles of changing and perceived self-efficacy or the 
confidence to perform the recommended change. These components are contained within 
the box to represent their influence upon perceived threat. Ultimately, all of these 
variables impact individual behaviors.  
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It may be that individuals understand their risk and are well aware of the benefits 
for behavior change, have considered options to reduce their barriers and have self-
efficacy to make the behavior change but remain ambivalent about changing their 
behavior to reduce the threat. The ambivalence may persist for years. Some individuals 
may require a cue to action or trigger to finally push them into taking action. A mass 
media campaign, advice from others, a reminder card from the physician, an illness of a 
family member or an abnormal CAC score may serve as the catalyst. 
Research using the Health Belief Model. The Health Belief Model has been 
widely used. Painter, Borba, Hynes, Mays and Glanz (2008) conducted a systemic review 
of the theoretical content of research conducted between 2000 and 2005 and found the 
most frequently cited were the Transtheoretical Model (27.5%), Social Learning Theory 
(27.5%), Health Belief Model (20%), Theory of Reasoned Action/Theory of Planned 
Behavior (15.9%) and Social Networks/Social Support (15.9%).  
One research example using a cardiovascular population was by Nagia (2002). 
She tested the key constructs of the HBM to examine the predictors for women to engage 
in preventive behaviors to reduce risk for CHD. A tool was developed to operationalize 
the key constructs within the model.  For instance, perceived susceptibility to CHD was 
measured with a single item Likert question (1) very likely to (5) very unlikely: “How 
likely do you think you might get heart disease in the next 10 years?” (p. 89). Perceived 
seriousness was measured with two yes or no dichotomous statements:  (a) “Heart disease 
in women has more dangerous consequences than breast cancer”. (b) “More women die 
from breast cancer than of CHD” (p. 88). Cues to action were conceptualized as 
…“having a family history of CHD and taking medications for high blood pressure, high 
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cholesterol levels, and diabetes” (p. 87). In addition, other researchers have used the 
HBM to examine smoking, alcohol use, dental hygiene, contraceptive use, medication 
adherence, hypertension, dietary compliance and mammography just to name a few 
(Wood, 2008).  
Most researchers referred to the Health Belief Model within their article but did 
not test the constructs (Kalia et al., 2006; Lederman, Ballard, Njike, Margolies & Katz, 
2007; Painter et al., 2008).  A good example is the research conducted by Aldana et al., 
(2006) who used the Coronary Health Improvement Project (CHIP) lifestyle intervention. 
The 40 hour program covered lifestyle topics such as: modern medicine, health myths, 
atherosclerosis, coronary risk factors, obesity, dietary fiber and fat, diabetes, 
hypertension, cholesterol, exercise, osteoporosis, cancer, lifestyle changes, health, self 
worth and advocated the Pritikin diet. Single participants paid $395 and couples $595 to 
partake in the classes indicating that they were a highly motivated group which may have 
biased the findings. At 6 month follow up most of the nutritional aspects and physical 
activity measures showed significant improvement. However, the only reference to the 
HBM and the Transtheoretical model was that both guided the development of the 
intervention. 
Transtheoretical Model (TTM) 
 While the HBM (Prochaska, Norcross & DiClemente, 1994) is helpful in 
understanding the motivators, barriers and facilitators that influence behavior change, the 
stage of change component of the TTM helps identify an individual’s state of readiness to 
take action to change behavior. See Appendix A for a description of all of the 
components of the TTM. Precontemplators are not interested in changing their behavior. 
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They may not understand that there is a connection between their actions or behaviors 
and ultimate risk for disease or they may be very resistant to do anything about it. 
Contemplators may be considering making a change but really are not yet motivated 
enough to take the steps to change. Individuals within preparation may have taken baby 
steps at change but may lack self-efficacy or encounter too many barriers that preclude 
them from change. Action is the behavior change. Maintenance occurs after 6 months of 
changing a behavior. Some may challenge Prochaska’s newer language of an additional 
termination stage. It may not be realistic for anyone to have 100% confidence that relapse 
will never occur. However, the TTM model is helpful to identify whether the individual 
is taking action or stuck within a non-action stage.  
Research using the TTM. The TTM has been widely used for smoking cessation 
interventions and many other behavior addictions as well. Painter et al. (2008) reported 
that the TTM was the most commonly used theory.  
Prochaska, Velicer, Prochaska and Johnson (2004) tested the stage of change 
model with a sample of 4,653 smokers who were randomized to one of 11 smoking 
cessation interventions. They found that despite the treatment, the stages performed as the 
TTM predicted. Individuals in the earlier stages had lower cessation rates than those in 
the later stages of preparation and action. In addition, they noted an iatrogenic effect. If 
smokers in the earlier stages were given too much cessation information or felt pressure 
to quit and not ready to quit, their smoking behaviors increased. Prochaska’s previous 
research revealed that of individuals with a harmful behavior that needs to be changed, 
40% are precontemplators, 40% are contemplators, and only 20% are in action at any 
given time. He found that helping people progress through one stage of change eventually 
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doubles their chance of taking action (Prochaska, Norcross & DiClemente, 1994). 
Healthcare providers must assess readiness levels and provide appropriate counseling 
interventions that do not overwhelm, in order to move an individual on along the path 
toward action.  
Two meta-analyses examined interventions that were based on the TTM. 
Riemsma et al. (2002) reviewed 34 studies targeted at smoking cessation (n=13), physical 
activity (n=7), dietary change (n=5), multiple lifestyle changes (n=6), mammography 
screening (n=2), treatment adherence (n=1) and alcohol abuse (n=3). They found “limited 
evidence for the effectiveness of the stages-of-change approach to changing health-
related behavior” (p. 4). However, Adams & White (2003) examined 16 studies on 
physical promotion interventions based on the TTM and found short term benefits but 
“few studies demonstrated any longer term benefits over 6 months” (p. 3). Heterogeneity 
was a problem for Riemsma et al., making comparisons very difficult and may have 
explained some of the lack of significance that was observed. 
HBM as the Conceptual Framework 
The HBM may help to better explain some of the inappropriate risk perceptions 
that have been observed. Several researchers found an interesting paradox when 
participants became aware of a health threat such as abnormal lipid levels (Croyle et al., 
2006), high calcium score (Sandwell, Wingard, Laughlin & Barrett-Connor, 2006) or an 
actual cardiac event (Oliver-McNeil & Artinian, 2002). Within each study those with a 
higher health threat took one of two actions. They either changed their behaviors to 
reduce their overall risk or chose to minimize the danger and did nothing.  
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!29 
The HBM may explain some of the responses that were observed. Risk awareness 
may be the acquired knowledge of a health threat such as an abnormal CAC score, which 
serves as the cue or trigger to enhance risk perceptions of perceived vulnerability or 
susceptibility to the disease such as a heart attack. Additional information increases the 
risk perceptions and propels the individual towards taking action to reduce the health 
threat. If the individual understands the benefits of the behavior change, has self-efficacy 
to make the change and reduces any barriers, the change is more likely to occur. 
Understanding how health threats are interpreted and motivation is enhanced is 
paramount to helping individuals reduce harmful behaviors that exacerbate CVD. This 
study used the HBM as a guide in understanding how the trigger or cue to action of a 
CAC score was interpreted and the impact on attitudes and behaviors.   
Review of the Literature On Risk Awareness 
The risk awareness research over the past seven years primarily focused on 
attitudes regarding risk awareness information or medical encounters, and how new 
technologies may raise risk awareness that enhances motivation to reduce risk factors for 
CVD. See Appendix B for a list of the articles reviewed. Both categories will be 
discussed to ascertain the current state of science that will better inform the potential to 
impact cardiovascular risk factor reduction. 
Attitudes Regarding Perceived Risk 
Firefighting is a demanding career with an estimated 45% of deaths each year due 
to coronary heart disease (CHD) (Scanlon & Ablah, 2008). Researchers investigated the 
attitudes of firefighters regarding their risk awareness of CHD and their prevalence of 
CVD risk factors. They surveyed 730 firemen from 79 departments in the northeast of 
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whom 69.7% were interior firefighters, 87.8% were men, 57.7% over 40 years old, and 
with a mean of 15 years of service. Only 18.6% had a healthy BMI, 19.9% had 
hypertension, 18.5% had high cholesterol, 30.8% were on lipid medication, 45% 
exercised with a mean of 5.93 hours/week and 17.7% smoked. The BMI may not have 
accurately reflected weight within this muscular group. In addition, participants may have 
experienced some coercion as they were enrolled during a work related physical, which 
may have biased the self-report data. However, 75.9% correctly identified CHD as the 
leading cause of death among firefighters. Of those surveyed, 90% expressed interest in 
attending programs to learn how to reduce their CVD risk factors, believed that the 
departments should take a more active role in improving cardiovascular fitness among the 
firemen and would like to participate in a department sponsored fitness program.   
Firemen have basic life support training and may have been more knowledgeable 
than most about CHD, which explains their accuracy regarding their CVD risk. However, 
intentions do not always result in taking action. Research is needed to explore how 
effective interventions delivered within the firehouse may increase motivation, reduce 
barriers and facilitate behavior change.  
Women have also been studied to ascertain their risk awareness of CHD 
(Thanavaro, Moore, Anthony, Narsavage and Delicath, 2006). They were interested in 
investigating whether increased risk awareness via knowledge of CHD predicted health 
promotion behavior (HBM) within a sample of 119 women with no prior history of CHD. 
Characteristics of the sample were 93% white, higher socioeconomic status, with a high 
school or higher education, and a mean age of 49.4 years. Risk awareness was captured 
with the modified Coronary Heart Disease Knowledge Test (Smith, Hicks & Heyward, 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!31 
1991). Health promotion behavior was measured with the Health Promoting-Lifestyle 
Profile II (HPLP II) (Walker & Hill-Polerecky, 1996). Other data were obtained from the 
Benefits Scale (Murdaugh & Verran, 1987), the Barriers Scale (Murdaugh & Verran) and 
demographic data. See Appendix C for an example of the tools used.  
Despite scoring high on the understanding of the benefits of health-promoting 
behavior (M=90.6, range 20 to 120, SD=10.7), it was not found to be a significant 
predictor of healthier behavior reflected within the HPLP II instrument. The HPLP II 
mean item scores for the sample was 2.62 (1= never, 2= sometimes, 3= often, 4= 
routinely) indicating that the sample did not practice HPB on a regular basis. Scores from 
the CHD Knowledge Test were (M=12, range 0-20, SD=3). The strongest predictors in 
descending order for HPB, recorded as a standardized beta, were perceived barriers (! -
0.42, p= 0.01), CHD knowledge (! 0.22, p=0.01), family history of CHD (! -0.15, 
p=0.05) and personal history of smoking within the past three months, which was 
reported as “almost significant” (! -0.15, p= 0.06). The researchers suggested a paradigm 
shift had occurred from this small study. Previously, it was felt that women were more 
motivated to modify behavior based on their knowledge of the health benefits. These 
women clearly understood the health benefits for behavior change but it did not appear to 
motivate them into taking action. The barriers scores were (M=52.9, range 20-120, 
SD=14.3) and found to be a much stronger predictor of health-promoting behavior. As 
barriers increased, healthier behaviors decreased. It may be that more time should be 
spent on helping individuals overcome barriers.  
While the women correctly identified the benefits of behavior change to reduce 
their risk, they missed many of the other CHD questions. These findings may indicate a 
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weakness in the instrument used to assess knowledge or the greater misunderstandings 
among women regarding CHD. Healthcare providers may assume that patients are more 
knowledgeable about CHD than these results indicate. A surprising finding was that 
family history of CHD was not correlated with health promotion behavior. One would 
expect that in families who experienced CHD, members would be more aware of the 
risks for themselves and be more motivated to change behaviors to avoid harm. However, 
it appeared that family history did not impact behavior change to reduce personal risk. 
The researchers postulated that the participants might have been exposed to unhealthy 
behaviors as children. The CHD among their family members may have occurred long 
after harmful behaviors had become entrenched. 
This was an excellent cross-sectional descriptive study. Participants were enrolled 
from three different clinical practice settings: internal medicine with gastroenterology, 
internal medicine with endocrinology and internal medicine with pulmonology. Proactive 
recruitment was utilized with 83% of the sample that were approached, enrolled. The 
most common reason given for refusing to participate in the study was lack of time to 
complete the questionnaires within the office setting. Standardized beta coefficients were 
reported making comparisons among the variables easier to ascertain the most powerful 
predictors. The researchers used instruments with a history of high reliability and were 
the only ones within this review to report it on each tool that was used within their 
sample.   
Limitations were the inability to generalize to men as this was a sample of 
Midwestern women. Risk factors were established using a self-report tool. The study 
would have been better if the risk factors were measured or pulled from the medical 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!33 
record. Power was not reported. The researchers called for future studies to explore the 
predictors within a sample at higher risk for CHD. Patients who actually experienced 
CHD may have a different perception of risk. However, this study highlighted the 
importance of understanding the barriers that impede behavior change and the 
individual’s knowledge level regarding CHD risk awareness among women.  
Risk awareness in older women who were newly diagnosed with coronary artery 
disease was examined by Oliver-McNeil and Artinian (2002). The researchers were 
interested in the relationship between perceptions of risk awareness and health promoting 
behaviors. The sample was very small with only 33 older women with a mean age of 64.6 
years. However, the same tools were used: the Coronary Heart Disease Knowledge Test 
and the Health-Promoting Lifestyle Profile II. Scores on the CHD test were a (M=12.7, 
range 0-20, SD=15.6), while HPLP II scores were a mean of 2.44 (range 1-4). Most of the 
participants reported fewer risk factors than what was identified by their medical record. 
Of the sample, 15% stated they had not received any cardiovascular risk factor 
information during their hospital stay. The researchers did not find any significant results 
for relationships between knowledge of risk for CHD (r= -0.011, p = 0.95) or perceived 
risks (r=0.055, p= 0.82) when both were compared with risk reducing behaviors.  
What is interesting to note about these findings is that these were women who had 
been surveyed within one week post their hospitalization. One would expect their 
memory of risk factor information to be fresh within their minds. However, their CHD 
test scores were as poor as the women who did not have CHD within the previously 
discussed study. What is more shocking is that the HPLP II scores were also very similar 
to the women who did not have CHD. One would think that the risk awareness among 
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women newly diagnosed with coronary artery disease would be enhanced and they would 
be more motivated to modify behavior.  
Most surprisingly, all of the women who smoked did not perceive that smoking 
was a risk factor for CHD. It may be that the tool used to capture this data was 
inadequate, but that is unlikely as the tool had been used previously with high reliability. 
It is hard to believe that this sample of women had not been told about the danger of 
smoking. If women do not perceive smoking as a risk factor for CHD, then it is no 
wonder that smoking cessation rates remain dismal. The findings suggest some other 
mechanism at work in their apparent denial or inaccurate risk perception. It may be easier 
to deny the danger than deal with the barriers and difficulties of cessation.  
Part of internalizing the health threat message involves memory. Croyle et al. 
(2006) investigated how well people recall risk factor screening test results.  Following a 
community cholesterol screening, participants were counseled regarding total cholesterol 
finger stick values. Derived from their screening results, they were assigned a risk 
category, based on the NCEP III (2001) guidelines, as low, moderate or high risk for 
CHD.  Diet strategies to lower cholesterol and the meaning of their risk were also 
explained. No written materials were provided. The participants were randomized to a 
one, three or six month telephone follow up. In addition to recall of their numbers and 
risk category, participants were asked whether they followed up with their physician or 
made any lifestyle changes.  
Across all time points, only 38% recalled their exact number but 89% recalled 
their risk category. Individuals within the higher categorical risk tended to change 
behavior to lower cholesterol (p<0.05) compared to the other lower risk categories. 
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However, 55.3% of those with the worst test results remembered their values and risk 
categories as lower than actually obtained, indicating a self-enhancement bias. This 
research suggests an emotional component to their risk perception. Some of the members 
within the highest risk category made lifestyle changes while others tended to minimize 
their real risk for CVD. Perhaps some level of fear is a motivator to change behavior but 
too much leads to denial of risk in others. This research underscores the importance of 
providing individualized patient centered care when counseling patients and ascertaining 
each individual’s perceived risk. This study also demonstrated the importance of 
providing written information to patients for future reference and that outcomes may be 
more effective if clinicians focus on a patient’s risk category rather than numerical values 
alone.  
The strength of the study was the large sample size (n=496). Lab personnel were 
required to demonstrate proper finger stick technique to ensure the validity of the lab 
values obtained. The follow-up interview was not conducted by the person that provided 
the counseling session, which reduced the potential for bias. Finally, while gender was 
evenly distributed, [men = 268, women = 228], diversity was not reflected within the 
sample of 92% Caucasians. This limitation would make generalizations to other races 
inappropriate. However, this study reinforces the importance of memory and implies an 
emotional component to the memory that was observed.  
To better understand the emotional reaction to health threat messages, qualitative 
researchers from Sweden, Persson and Friberg (2009) conducted a phenomenological 
study. The researchers wanted to explore the lived experience of individuals participating 
within a health screening and being told that they were at increased risk for CHD. 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!36 
“People with high values that required immediate pharmacological treatment were 
excluded” (p. 522). A convenience sample of six men and three women with a mean age 
of 48 was obtained utilizing a “strategic selection” not clearly defined by the researchers. 
Participants were enrolled between four and six weeks after the screening consultation. 
To refresh their memories, they were asked to “write about their experiences of the health 
check” (p. 523) and send the information to the researchers. The information was used to 
guide the dialogue during the interview and increase rigor. Three themes emerged: the 
unavoidable message, reflection on the content of the conversation and the pedagogical 
dialogue. Under the first theme, the unavoidable message, the health risk information 
initially causes a sense of astonishment:  
Well, I was 100% sure of receiving confirmation that I was healthy and 
everything was OK…it took me by surprise… (p. 524)  
 
The nurse said something to me that I couldn’t believe /…/ everyone else may 
have high cholesterol, but not me, no not like that. (p.524) 
 
Under the second theme that reflected on the content of the conversation, one  
 
participant with high blood pressure commented:  
 
It was eight, something. I don’t know how dangerous or so… I can’t put it into a 
context, it is difficult when you don’t know what the figures stand for… there is a 
difference if the car runs lousily on one cylinder, you can hear that … (laughing). 
(p. 524) 
 
Finally, under the pedagogical theme another stated: 
 
So I think that this dialogue in which you discuss what to do has the greatest 
impact, far better than lots of brochures about nutrition and such things…Well, if 
you had received a written notification ‘You have high cholesterol, you must 
change your eating habits!’. Well then you would have to phone and ask: ‘What 
do you mean, high?’ Then you miss the whole point in my view. (p. 525) 
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The participants described an emotional reaction of initial astonishment at the news of a 
higher risk for CHD, which may have created some anxiety. There also appeared to be 
confusion over the information. Individuals need time to ensure that the information is 
understood. The healthcare provider must balance the increased risk awareness 
information that is needed to enhance motivation to modify harmful behaviors with 
undue anxiety. A patient centered approach that allows for nuances and individual 
differences is needed to take advantage of the teachable moment. 
The strength of this study was the insight into the patient’s perspective following 
abnormal risk factor information. In addition, the idea to allow the participants to write 
down their recollections to stimulate memory was helpful and should be included in 
future research. Some participants may be more insightful describing their thoughts about 
risk in a narrative form rather than within quantitative instruments. Short open-ended 
questions may elicit information not gleaned from quantitative instruments. However, a 
phenomenological research study of the insights of nine individuals in Sweden should not 
be generalized to others. Further, it was not clear how many risk factors were actually 
present among the participants. Those with several risk factors and thus greater risk may 
have a far different lived experience than those with minor risk. Future research should 
be clearer about the level of risk among the participants. Another limitation was the lack 
of quotations provided. More quotations from the participants would have helped the 
reader better understand the conclusions drawn. The researchers called for more work 
that explores the participants’ lived experience after being counseled with abnormal 
health results. This study reinforced the emotional component and confusion that is 
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associated with news of abnormal results, which must be addressed by the healthcare 
provider. 
Kehler et al. (2008) conducted a qualitative study in Denmark using a grounded 
theory methodology approach. They explored the impact of risk awareness following a 
consultation with a doctor regarding CVD risk upon subsequent motivation to change 
behavior. Twelve primary care physicians identified participants at high risk for CVD. 
The sample consisted of two women and ten men with a mean age of 57.8 years. 
Ambivalence was the core motivational aspect that emerged from the constant 
comparison analysis of the transcribed data. Five ambivalence subtypes were also derived 
from the data: perception, demand, information, priority, and treatment ambivalence. 
Perception ambivalence referred to being healthy or sick: 
How do you separate risk from being healthy and or suffering from cardiovascular 
disease? How do I convince myself about the fact that I should act preventively, 
when I feel well? These conflicting feelings and thoughts fill my head after the 
consultation. (p.4) 
 
Information ambivalence involved the balance between too much information that could  
 
overwhelm and too little that could lead to confusion: 
 
I don’t really know how much information I need. Too much information could 
make me confused, too little information could make me unaware that I am at 
risk. I feel that my doctor’s information is important, but it makes me unsure what 
to do. (p. 6) 
 
According to the researchers, a common theme among all five categories was the 
ambivalence of disclosing thoughts to their physician: 
I felt alone with these contradictory feelings and thoughts, and my doctor did not 
go into it. But, of course, if I don’t tell him, he doesn’t get to know these feelings 
and reflections. It made me unsure… and it reduced my desire for changing 
lifestyle. (p. 7) 
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 The strength of the study was the insight provided regarding ambivalence for 
behavior change, which has been supported within the literature (Prochaska, Norcross & 
DiClemente, 1994; Rollnick, Mason & Butler, 1999). Limitations involved the small 
sample size and Denmark location making generalizations especially problematic. 
Another issue was the small number of women within the study. The researchers also 
stated that future studies should explore the perception of ambivalence among other 
groups. Finally, the purpose of grounded theory is a qualitative research approach 
designed to develop theories from the derived data and relationships observed (Glaser & 
Strauss, 1967). No theory was formulated from this study.  
Qualitative research is needed that explores the patients’ resistance to verbalize 
their ambivalence regarding lifestyle change with their physician. This study highlighted 
the importance of balancing a little anxiety that may increase motivation to change 
behavior to reduce the health threat with too much anxiety that may lead to confusion and 
further inaction. Providers must create an environment where patients are encouraged to 
discuss their anxieties, concerns and questions. Ambivalence to behavior change was a 
common theme and should be addressed when working with patients. 
Finally, Moore, Kimble and Minick (2010) conducted a phenomenological 
qualitative study to examine risk perceptions of women (n=7) following their cardiac 
event. They were interested in better understanding how risk perception might explain the 
disparities in health outcomes observed within women and men following a cardiac 
event. Three themes emerged: “out of sight, out of mind”, “why doesn’t he talk to me like 
that?” and “it’s scary”.  
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Out of sight, out of mind. One participant verbalized how risk perceptions were 
altered due to the asymptomatic nature of CHD. Since they didn’t feel sick, they tended 
to ignore the chronic progression of the problem. 
I’ve done great. I mean I don’t consider myself with heart disease. I don’t 
consider myself sick…I mean, I don’t feel sick…I think I had something that was 
fixed, and I’m okay now. Um, I feel better now than I did when I was 35…I’m 
not going to worry about it. If something comes up…I’ll go see about it. (p. 437) 
 
…If you’re not paying attention to it or not taking care of it, it’s not happening. 
So you just kind of stuff it all down…if you don’t pay attention to it, it’s not 
there. (p. 438) 
 
Why doesn’t he talk to me like that? Women also expressed information  
 
regarding the quality of their relationship with their physician. They provided statements  
 
indicating that gender may be a barrier for women in getting the support they need from  
 
their physician. 
 
…I sort of just got ignored. And I think that comes with being a woman…45. And 
they just more or less ignored me because I think they thought it was just nerves 
or, you know, something like that. (p. 439) 
 
…I heard him talking to a male in the room next door, and he was saying how 
glad he was to see this guy and how he was looking good, and…I thought, 
well…he has a relationship with the man…It just made me wonder why he didn’t 
talk to me like that…He just didn’t seem to have the same care for me…maybe 
it’s because I’m a woman. (p. 439) 
 
  It’s scary. Women also described how scary their experience was with surviving  
 
a cardiac event. 
 
Most people don’t understand how frightening it is to think that you may not be 
here next year. Or that you may have a heart attack and …be an invalid. Because 
that’s something you have to think about. (p. 440) 
 
This fear may be so overwhelming that it is easier to ignore any risk or danger for another 
cardiac event rather than deal with the barriers of behavior change. 
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The statements from the women in this study suggest that perhaps it is the 
asymptomatic nature of atherosclerosis that allows them to ignore potential risk or danger 
for another cardiac event. Knowledge deficits abound as these women clearly did not 
perceive atherosclerosis as a chronic problem that requires risk factor control to prevent a 
worsening of the disease process. 
Healthcare providers need to ensure at every visit that patients understand how 
their risk factors contribute to a worsening of CHD. However, these women described 
barriers within their relationship with their physician that hampered discussions. If 
women are not able to discuss their risk factors and concerns, it is unlikely that they will 
progress towards healthier behaviors that reduce their risk for another event. They also 
described their anxiety regarding their experience following the cardiac event. The 
frightening memory of the experience may be a powerful barrier. Discussing risk factors 
for CHD may be too painful for them and they would prefer to deny the existence of the 
underlying problem. These women highlighted the importance of a skillful healthcare 
provider who builds rapport so that patients feel comfortable discussing their fears, 
knowledge deficits and barriers to health-promoting behaviors in order to prevent a 
worsening of an underlying atherosclerotic disease process.  
Coronary Artery Calcium (CAC) Research and Behavior Change 
Another area that became evident through the literature review was the impact of 
a CAC score on behavior change. The vast majority of CAC research predominantly 
focused on the ability of a CAC score to predict a future CVD event. This literature 
review was limited to looking at CAC and its utility for behavior change. Most of the 
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CAC research related to behavior change examined statin adherence rates following CAC 
score awareness. 
Following are several studies that examined the impact of CAC score awareness 
on behavior change. O’Malley, Feuerstein and Taylor (2003) conducted a study of 450 
active duty army personnel stationed in Washington D. C. to examine the teachable 
moment when the participants were presented with CAC results. Participants were 
randomized to one of four groups: intensive case management (ICM) with immediate 
CAC results, ICM with results delayed one year later, usual care with immediate results 
or delayed one year. Intensive case management involved “an integrative approach of 
research nurses and dietitians providing frequent contact tailored to participants’ stages of 
behavioral change” (p. 2217). All participants received pictures of their CAC findings 
and were told that, “calcification specifically identifies underlying atherosclerotic 
coronary artery disease and is predictive of heart disease risk” (p. 2217). Participants with 
normal CAC results (0 score) were given “cautious reassurance” about their heart disease 
risk and counseled about risk factor reductions. The mean age of the participants was 42 
years old with a mean Framingham Risk Score (FRS) of 5.85% or low risk. They were 
reassessed at one year. 
Of the overall sample, only 15% had a positive calcium score. Framingham Risk 
Score reductions between the groups that received CAC results at baseline compared with 
those that did not receive CAC results until one year after the scan were not significant 
(p=0.81). However, those randomized to the intensive case management group with more 
intensive risk factor counseling had lower FRS than the group assigned to usual care 
(p=0.003). A major limitation of the study was the young age of the participants and 
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overall low FRS at baseline, which may have significantly skewed the results. They were 
too healthy and young to really delineate the accurate impact of CAC on behavior 
change. An older sample with a greater number of risk factors or higher FRS at baseline 
may have higher perceived susceptibility and thus greater motivation to make behavior 
changes to avoid harm. In addition, the reliability was not reported on the psychosocial 
tools that were used raising questions about the accuracy of the findings. The 
psychological variables were not found to have any significance on the FRS at one year 
follow-up. Further, the military may have screened out from active duty and this sample, 
individuals with negative mood disorders, which further biased the finings. Finally, 
ethical questions were raised on the efficacy of delaying the dissemination of results for 
one year among some of the participants. Future work should select samples that are 
older in which CAC would be more likely to be found to more accurately reflect the 
impact of the risk awareness of a positive CAC score.      
The earliest work investigating CAC scores on risk awareness of CVD and 
behavior change was done by Wong et al., (2002) in California on older participants. The 
sample consisted of 560 adults with a mean age of 53.5 years and resulted in a good 
representation of positive calcium scores. Of the men, 59% had calcium deposits while 
43.4% of the women had calcium deposits. Patients received the CAC scan and were 
followed between one and two years for behavior change outcomes. Higher CAC scores 
were associated with new aspirin use, new cholesterol medication use, follow up consults 
with a physician, losing weight, decreasing dietary fat, new coronary revascularization 
(all p <0.01), new hospitalization (p <0.05) and increased worry (p < 0.001). The strength 
of the study was the large sample size (n=560) and longitudinal design. Limitations were 
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the self-report nature of the data and the lack of psychometrics on the tool the researchers 
developed to gather the data. Reactive enrollment was used to obtain the participants 
from a posted flyer, which may have biased the findings. However, risk awareness of a 
higher CAC score appeared to increase motivation to reduce risk factors for CVD 
resulting in better behavior changes. There was a suggestion of increased worry from the 
risk awareness of a higher CAC score but it was unclear how the anxiety was measured. 
Almost half of the sample had positive calcium scores, which added validity to the 
findings.   
Kalia et al. (2006) investigated whether awareness of a CAC score enhanced 
motivation to adhere to prescribed statin therapy and make healthier behavior changes. 
Participants were surveyed at baseline (considered within one year or less) of undergoing 
a CAC scan and followed prospectively for three years. Of the 505 participants, 87% 
were men and the mean age was 61 years. Independent of baseline risk factors, statin 
adherence between baseline and follow up increased linearly with increased CAC scores: 
from 24% at the lowest CAC score levels to 74% adherence at the highest CAC score 
levels  (p<0.0001). Hypertension medication adherence also had the greatest increase 
within the highest CAC quartile score level at (89%). Overall, participants with higher 
scores were more likely to report improved behavior changes compared to those with 
lower calcium scores. However, only diet change “…reported a concerted effort to 
maintain a healthier diet” (p. 396) was significant (p=0.001), as compared to exercise 
(p=0.2), smoking cessation (p=0.8) and antioxidant use (0.9).  
While the study had a good descriptive, longitudinal, design, it was unclear how 
the behavior changes were measured. Correspondence with one of the investigators 
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(Budoff) confirmed that the researchers created the single item tool without any 
psychometric validation. The strength of the study was a large sample size, strong design 
and statistical adjustments to control for potential confounders. Statistical adjustments 
were made for the confounding influence of the physician’s knowledge of higher risk 
factors that may impact treatment decisions. In addition the single item non-validated tool 
used to capture behavior changes may have biased the results that were observed. Other 
potential psychosocial confounders were not measured. The literature supports that 
depression, stress, anxiety and hostility are barriers to behavior change (Fiore et al., 2009; 
Lett et al., 2005; Rozanski, 2005). Validated tools with good reliability would have added 
to the study. Moreover, the participants were enrolled from a center with highly trained 
staff that specialized in CAC scoring. Research is needed to examine the impact of a 
higher calcium score within a primary care setting, as well as randomized control studies 
of individuals at intermediate to higher risk. This research did show that increased risk 
awareness of a higher CAC score increased adherence to stain therapy. 
Other researchers, Orakzai et al. (2008) conducted a similar CAC study with 980 
patients referred to a center for CAC scoring and followed prospectively for three years. 
However, rather than a quartile division, participants were placed into four CAC groups: 
0, 1-99, 100-399, and >400. Multivariate analysis indicated that higher CAC scores were 
associated with greater aspirin use (0 CAC= 29%; 1-99 CAC= 55%; 100-399 CAC= 
61%; >400 CAC= 63%; p<0.001 for trend), dietary changes (p < 0.001 for trend) and 
increased exercise (p < 0.001). Diet and exercise improvement was measured with a 
categorical self-report yes or no response. It was not clear what specific changes were 
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made. Risk awareness of an increasing CAC score improved motivation to adhere to 
statin therapy, improve diet and increase exercise. 
Sandwell et al. (2006) invited surviving participants (n=364) of an ongoing 
longitudinal community study to participate in research investigating the impact of CAC 
results on perceived CVD risk awareness and motivation to modify lifestyle. The original 
California longitudinal study began in 1972 and investigated CVD risk factors. Between 
1997 and 1999 surviving participants returning for a clinic visit were invited to 
participate. They were scanned for CAC between 2001 and 2002 and asked about 
cholesterol-lowering medication use. They were followed for six months and then mailed 
a questionnaire to assess their perceived risk awareness of CVD, and the intention to 
modify lifestyle and medical interventions initiated after the scan. Participants were 
placed into three groups: low CAC score (0 to 10), moderate risk (11 to 400) and >400 
high risk.  
Of the participants with low risk, 92% correctly classified their CAC risk. 
Interestingly, only 27% of those with the highest scores and greatest risk category 
correctly classified themselves as high risk. The results indicated a self-enhancement or 
denial mechanism. Perhaps it takes a great deal of evidence to convince an individual of 
their risk or a great deal of misinformation about CHD persists. However, those within 
the highest CAC >400 risk group were more likely to reduce fat in their diet (p=0.007), 
take lipid-lowering medications (p<0.001) take aspirin (p=0.009), and have additional 
follow up tests p<0.001. Of the entire sample, 5% or 16 participants described themselves 
as “alarmed or quite worried”. Predictors for positive CAC were male gender (p<0.001), 
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older age (p < 0.001) and use of cholesterol-lowering medication at the time of the scan 
(p=0.006).   
 The strength of the study was in the proactive recruitment of a sample drawn from 
an ongoing community study. There were even numbers of men (184) and women (180) 
within an older sample (>55 years old) where CAC is more likely to be found. A 
limitation of the study was the reliance on self-report data for the behavior changes. The 
study would have been strengthened if the researchers had utilized validated tools. The 
researchers called for more evidence that early detection of asymptomatic atherosclerosis 
prolongs survival or quality adjusted years and enhances motivation to improve lifestyles. 
While CAC appeared to motivate those at higher risk to improve lifestyles, most tended 
to minimize their risk. Research is needed to better understand this lack of increased risk 
awareness especially in the face of an abnormal positive CAC scan.  
Lederman et al. (2007) compared the information obtained from a CAC score 
with information obtained from conventional screening: lipids, blood pressure, weight 
and HbA1c alone. Of the postmenopausal women, 26 were randomized to the calcium 
score group and were shown images of their coronary arteries with their CAC result 
counseling while the other 30 received a conventional screening. At baseline 73.1% had 
very low CAC levels and were rescanned at 12 months. Both groups were followed for 
risk factor reduction behavior changes at 6 and 12 months. Surprisingly, systolic blood 
pressure, total cholesterol, triglycerides, LDL and HDL cholesterol improved at six 
months (p <0.05) and triglycerides at 12 months (p<0.05) within the conventionally 
screened group but no changes were found within the CAC scored group. A significant 
limitation was the small sample size of only 56 participants. In addition, the group 
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randomized to CAC scoring were found to be at very low risk at baseline, which may 
have biased the results.  
However, these researchers suggested a potential screening effect as homogeneity 
was met at baseline for both groups. It may be that when provided with results that do not 
show any coronary calcium, individuals may not perceive a health threat and are less 
motivated to change behaviors to avoid harm. This effect after imaging has potential 
deleterious consequences. Of the 26 participants who received a CAC scan, 8 were 
hypertensive, 15 had hypercholesterolemia, 1 was a diabetic, and 1 smoked. Of those 
who had a scan 73% were considered to have very low scores. The participants may have 
been lulled into a false sense of security that they were not at risk for CHD, when in fact 
their risk factors clearly indicated potential risk. Individuals may mistakenly conclude 
that a low CAC score may provide license to continue to engage in harmful behaviors. 
The counseling alone group modified their risk factors while the CAC group did not. 
Healthcare providers must take time to provide risk factor counseling, especially in the 
face of low or normal CAC scores. While a 0 CAC score carries a 99% negative 
predictive value for a CHD event, risk factor reduction counseling must still be provided 
(Oudkerk et al., 2008). They may have not lived long enough for the calcium deposits to 
develop. The goal is to keep their CAC scores low. More research is needed with larger 
sample sizes to explore the impact of a negative CAC result on harm avoidance behaviors 
in the face of risk factors for CHD. 
Finally, the Early Identification of Subclinical Atherosclerosis by Noninvasive 
Imaging Research (EISNER) study was a four year prospective study to compare the 
impact of traditional risk factor counseling (“no scan group baseline”) against the 
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addition of a CAC score (“scan group baseline”) on major risk factors for CVD and 
downstream testing (Rozanski et al. 2011). Middle aged participants (n=2,137) without a 
history of CVD or stroke were randomized to two groups. At baseline both groups 
received traditional risk factor counseling but one group was also given a CAC score 
along with information to interpret their score. At four year follow up both groups 
received a CAC scan along with repeated measures of study variables. 
The single risk factor and lifestyle counseling session was provided by a nurse 
practitioner. Within the CAC group, risk was discussed in regards to CAC score and 
percentile ranking which accounts for CAC score, gender and the age of the participant. 
A normal scan was defined as a 0 CAC score. The fasting variables that were measured at 
baseline and 4 year follow up were: blood pressure, lipids, and glucose. Weight, physical 
activity, smoking status, and a Framingham Risk Score (FRS) were also obtained.  
The results indicated that those participants given a CAC score at baseline along 
with risk factor counseling had significantly better risk factor control at four year follow 
up than the group that did not receive a baseline CAC score but only were given risk 
factor counseling: systolic blood pressure (p=0.02), LDL cholesterol (p=0.04), decreased 
waist circumference (p=0.01). The researchers noted, “Within the CAC scan group, there 
was a direct proportional relationship between the magnitude of baseline CAC and the 
degree of reduction of systolic and diastolic blood pressure, serum cholesterol, LDL, and 
triglyceride levels”. (p. 9). It should also be noted that there was an improvement in both 
groups, perhaps due to a Hawthorne effect. However, the improvement within the CAC 
group was much greater.   
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 In addition, at the four year follow up both groups received a scan but continued 
with their baseline labels of “no scan” versus “scan” group. Both groups were further 
divided into four groups: 0 CAC score, 1-99 CAC score, 100-399 CAC score and >400.  
The results indicated that the amount of CAC detected at four year follow up within the 
two groups was fairly similar: 0 CAC= 43% no-scan group and 42% scan group; 1-99 
CAC= 29% no-scan group and 31% scan group, 100-399 CAC= 18% no-scan group and 
17% scan group and ! 400 CAC 11% in both groups. The CAC group (scanned both time 
points) that maintained a 0 CAC had 25% lower medical costs than the group who 
learned of a 0 CAC score only at four year follow up. Approximately 2/3 of the 
participants with CAC ! 400 underwent follow up testing. The authors postulated that 
physicians may be using the CAC score as a filter before ordering more expensive tests, 
which may have explained the results observed. The strength of this study was the large 
sample size, prospective randomization design and actual measurement of blood pressure, 
fasting lipids, fasting glucose and waist circumference rather than relying on self-report 
data. However, a limitation was the self-report nature of the physical activity and 
smoking status data. This was the largest study to examine how the awareness of CAC 
score impacts not only risk factor reduction but downstream medical costs. Future studies 
should examine other variables that may alter risk factor control. 
Summary of the Review of the Literature 
This literature review provided information on how an individual perceives risk 
awareness. The firemen had a good understanding of their risk for CHD and wanted more 
information and fitness programs available at the firehouse. Women without CHD were 
studied to assess their knowledge of CHD and the impact on behavior. Most women had 
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many misconceptions and knowledge deficits. Surprisingly, women discharged from the 
hospital one week after a CHD event scored the same on a CHD knowledge test as 
women without CHD. One would have expected CHD knowledge to be higher 
immediately after a discharge from a cardiac event. Even more distressing was the fact 
that women hospitalized with a CHD event had similar health promotion behaviors as 
women without CHD. In addition, the women seemed to understand the benefits of 
healthier behavior change but were blocked from taking action by a perception of a 
multitude of barriers. The results were hampered by small sample sizes, which may have 
biased the findings.  
 Other researchers investigated the impact of memory on risk awareness and found 
that the risk category was remembered much better than cholesterol numbers. An 
emotional component may have augmented their memories. In several studies there was 
also a tendency for self-enhancement. Participants, especially those at higher risk tended 
to downplay their risk for CHD. Many remembered their risk as less severe than the 
medical record would otherwise indicate. Several of the researchers alluded to an 
emotional component-- perhaps fear. At times it seemed that a little bit of fear was a 
motivator while too much fear had an opposite effect and led to denial. Qualitative 
researchers described a sense of astonishment by participants at hearing about abnormal 
lab results. The anxiety or fear may have led to confusion and poor understanding of the 
health information as well. Ambivalence was a common scenario and patients were 
resistant to discuss it with their healthcare provider. Patients seemed more comfortable 
keeping questions to themselves which no doubt heightened their misconceptions and 
confusion. The women who were followed after a cardiac event described their anxiety 
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regarding their experience. The frightening memory of the experience may be a powerful 
barrier. Their comments also suggested that the asymptomatic nature of atherosclerosis 
allows them to ignore potential risk or danger and disregard the behavior change needed 
to prevent another cardiac event. The women described barriers within their relationship 
with their physician that precluded them from discussing concerns, fears and barriers for 
change.  
It was clear in almost all of the CAC research reviewed, that the higher the CAC 
score or more evidence of risk from atherosclerosis, the more enhanced was motivation to 
consider or actually initiate behavior change. Patients were more adherent with 
prescribed statin medications and many expressed an intention to change behaviors to 
reduce their risk and avoid harm from CHD. Interestingly, while many of those with 
awareness of abnormal lipid profiles and CAC results changed behavior, women with 
documented CHD did not appear to have increased motivation to change behaviors. It 
suggests that while a little fear may be a good motivator, too much may lead to denial and 
inaction. Future research should examine the role that negative moods and especially 
anxiety play within motivation to modify behavior. 
The EISNER study found that the CAC technology may be utilized by physicians 
as a filter for treatment decisions (Rozanski et al., 2011). Over a four year period, patients 
with 0 CAC scores had lower medical costs while those within the highest >400 CAC 
group had higher follow up testing with associated costs. Screening high risk patients for 
CVD with a CAC score may not only enhance motivation for behavior change but may 
be used as a filter to decrease medical expenditures with more targeted follow up testing 
as well.  
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 This literature review identified a potential deleterious screening effect within an 
individual with a normal CAC scan (0 score) or very low score in the face of risk factors. 
An individual may mistakenly assume that they have been given a clean bill of health and 
now have license to continue engaging in harmful behaviors. This is a dangerous 
inaccurate risk perception. It requires a skillful approach from the healthcare provider to 
roll with their resistance and ensure understanding of the importance of risk factor 
reductions to avoid future harm and maintain their normal scan.  
Finally, the Health Belief Model (HBM) and Transtheoretical Model (TTM) were 
supported as excellent models within this domain. As susceptibility and severity for CHD 
increased as evidenced by a positive CAC score, behavior change or action was more 
likely to be initiated. The cue to action or trigger appeared to be the positive CAC score. 
However, a positive CAC score did not always result in behavior change to reduce the 
risk. Some participants appeared to ignore or minimize risk, which suggests some other 
component at work in behavior change. Future research is needed to explore the 
relationships between the HBM and TTM constructs.  
Relevance for Nursing 
The literature review yielded information that has wide reaching implications for 
nursing. Nurses encounter patients at several junctures during their visits to the hospital, 
clinic or community setting. Thanavaro et al. (2006) found that 85% of their sample had 
visited their physician within the past year of their study. These opportunities provide 
nurses with teachable moments “…when ill health suddenly encourages [patients] to take 
a more active role in their care” (Orr, 1990, p. 47). Awareness of an abnormal CAC 
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finding may provide such a moment to reconsider lifestyle choices in order to reduce 
CVD risk.  
An initial first step is for the nurse to assess for a negative mood state such as 
depression or anxiety that may impede behavior change (Shaw, Abrams & Marteau, 
1999). If depression is present, it must be treated (Rozanski, 2005). An initial response 
from a health threat message may overwhelm the individual (Kehler et al., 2008; Marlott 
& George, 1998; Persson & Frierg, 2009). Anxiety may increase within the first four 
weeks after receiving abnormal results, but generally subsides by one year (Shaw, 
Abrams & Marteau). Nurses must take the time to ascertain the patient’s anxiety level 
and answer questions regarding the abnormal result information in order to dissuade 
further anxiety. There appears to be a fine line between raising risk awareness that 
motivates behavior change with causing so much anxiety that behavior change is actually 
diminished. In addition, an opposite reaction may occur within the face of a normal CAC 
scan with risk factors, where behavior change is extinguished due to the misconception of 
a clean bill of health mentality. Special care and attention is needed to raise risk 
awareness by rolling with their resistance. Patients need to understand that their situation 
is likely to worsen if risk factors are not controlled.  
Barriers to healthier behavior change were found to be a stronger predictor than 
benefits to behavior change (Thanavaro et al., 2006, p. 154):  
The strong influence of barriers to CHD risk modification on HPB [health 
promotion behaviors] emphasizes the need for clinicians to anticipate barriers and 
to spend more time during office visits to explore the barriers identified with each 
woman. Health care providers need to present both positive and negative 
behaviors as risk versus benefit so that women can make active choices and feel 
more in control of their barriers.  
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Helping patients discuss their individual barriers with simple strategies to overcome them 
will increase self-efficacy and success (Bandura, 1997). However, some patients may be 
resistant or ambivalent to discuss their concerns with the healthcare provider (Kehler et 
al., 2008). By asking open-ended, probing questions, allowing for the verbalization of 
fears, questions and anxieties about the risk information, potential barriers to change may 
be fostered. One researcher found that allowing patients to write down their thoughts 
about their screening results stimulated their memories and increased a dialogue between 
the nurse and patient (Persson & Friberg, 2009).  
Many studies demonstrated a surprising amount of patient knowledge deficits 
regarding the importance for treating risk factors for CVD with lifestyle changes and or 
medication (Lederman et al., 2007; Moore, Kimble & Minick, 2010; Oliver-McNeil & 
Artinian, 2002; Thanavaro et al., 2006). Nurses can help dissuade misconceptions by 
asking about issues that might impact adherence: purpose of the treatment, side effects, 
regimen concerns, benefits, pros and cons, etc. Croyle et al. (2006) found that participants 
remembered a risk category better than their cholesterol numbers. Thus, it may be more 
effective to focus on a risk category during encounters than focusing on the numbers 
alone. It will also help to provide written educational materials and lab value 
documentation with every visit. One 54 year old patient described how he prefers 
receiving health information (Kehler et al., 2008):  
I like a combination of approaches such as pictures, colors or figures combined 
with ordinary words and numbers. Then I feel informed. If my GP uses numbers 
to communicate complex medical risk concepts, then I don’t feel informed in a 
way, because I cannot respond. Besides, how do I know if I am the one who goes 
free or the one who gets ill…I just need ordinary words, numbers and visual 
information to feel informed. (p. 6) 
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Nursing educators also play a vital role in teaching future nurses the skills that are 
needed to enhance motivation within patients to change harmful behaviors. Further, 
technology is changing rapidly. Nurses must remain updated through professional 
continuing education, not only to provide the best evidenced-based care but also to serve 
as reference for patients and physicians not familiar with the technology. Rigorous 
research is also needed to ascertain how the newer technologies may alter nursing care.  
Gaps Within the Literature and Future Research 
New technologies such as coronary artery calcium scoring can detect subclinical 
atherosclerosis and may show promise for increasing risk awareness and motivation to 
change behavior. However, little is known about the impact of that knowledge on the 
patient’s motivation to change behavior. Initial researchers encountered problems 
because their sample contained patients at low risk for CVD, which biased results 
(Lederman et al., 2007; O’Malley, Feurestein & Taylor). Future research should contain a 
sample of men and women at higher risk for CVD where evidence of atherosclerosis and 
thus a positive CAC score would be more likely found (NCEP III, 2001).  
Few researchers measured the psychosocial variables of depression or anxiety. It 
may be that these variables impact behavior change and may be potential confounders for 
the influence of a CAC score. The reverse may also be true, that awareness of a CAC 
score influences these psychosocial variables. Some evidence has suggested that worry 
may be increased following abnormal results (Kalia et al., 2005; Persson & Friberg, 
2009; Sandwell et al., 2006; Shaw, Abrams & Marteau, 1999) but little is known about 
anxiety levels following a CAC score.  
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Research is also needed that measures the behavior and health outcomes 
following a scan, as well as whether the CAC awareness changes quality of life. If the 
knowledge of a positive CAC score improves health outcomes by increasing motivation 
to alter harmful behaviors, physicians may be more comfortable encouraging their 
patients to get a CAC score. Questions have been raised regarding the lack of behavior 
change following a negative test and requires further study (Lederman et al., 2007).  
 To date, most studies have been conducted within major research medical centers 
with highly trained medical staff disseminating the CAC results to patients (Kalia et al., 
2006; Okrazai et al., 2008; O’Malley, Feuerstein & Taylor, 2003; Sandwell et al., 2006). 
What is needed is a more community-based approach, where studies are conducted using 
CAC scans within practice of primary care physicians (Kalia et al.).   
This study addressed some of the gaps identified within the literature review 
regarding the influences of a CAC score. Psychometrically validated instruments were 
used to capture a variety of subjective perceptions. A few qualitative open-ended 
questions were administered to collect information about the experience of calcium score 
awareness not fully captured within the validated instruments. The overall purpose of the 
study was to better understand how the awareness of a CAC score altered risk 
perceptions, psychological well-being and health promoting behaviors in persons at high 
risk for CVD. 
 
  
 
CHAPTER THREE 
METHODS 
Introduction and Study Aims 
It is imperative that individuals understand their risk for cardiovascular disease 
and make behavior changes to reduce that risk. However, behavior change is very 
difficult. New technologies such as coronary artery calcium (CAC) scoring identify 
individuals at risk in very early stages of the disease process. Knowledge of a CAC score 
should motivate individuals to take action to reduce their risk. However, little is known 
regarding the behavior outcomes following such awareness and changes in psychological 
well-being and overall quality of life. In addition, there has been a suggestion of some 
initial increased worry over CAC awareness impacting QOL that subsides over time, but 
this has not been studied.  
The primary purpose of this study was to better understand how the awareness of 
a CAC score altered risk perceptions, psychological well-being and health promoting 
behaviors in persons at high risk for CVD.  The specific aims and associated hypotheses 
were: 
Aim 1: To examine risk perceptions, psychological well-being and health 
promoting behaviors in persons informed of a coronary artery calcium (CAC) score.  
Hypothesis #1. Persons informed of a higher CAC score will have higher risk  
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perception than persons with lower CAC scores. 
Hypothesis #2. Persons informed of a CAC score will not have any significant 
differences in psychological well-being (QOL, worry, etc.). 
Hypothesis #3. Persons informed of a higher CAC score will initiate more 
behavior changes (smoking cessation, medication adherence, etc.) than persons with 
lower CAC scores. 
Aim 2: To determine the most significant predictors of health promoting behavior 
in persons informed of a CAC score. 
Hypothesis. The stronger predictors of health promoting behaviors will be CAC 
score, risk perception, perceived barriers and worry compared to perceived benefits of 
behavior change and positive perceptions of quality of life. 
Study Design 
This study used a pre-post design with a three month follow up. Self-report 
questionnaires were used at both time points to evaluate differences in perceived risk 
perceptions for heart disease, psychological well-being and behaviors that may have 
changed following a screening CAC scan. The benefits and barriers of behavior change 
were also evaluated. Open-ended questions were utilized to better understand the 
experience of being informed of a CAC score. The rationale for the follow up was that 
three months after obtaining a CAC scan should allow sufficient time to observe the 
initiation of lifestyle change following the impact of CAC score awareness.  
Setting 
The study was conducted at a small privately owned imaging center in Naperville,  
Illinois, a western suburb of Chicago. Naperville is an affluent Midwestern community  
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boasting a population of 145,000 citizens with an average annual income of $112,258 
(CNNMoney.com, 2010). Further, the citizens within this community have 94% 
insurance coverage, 66% are married and 71% completed some college. In 2006 Money 
magazine voted Naperville as the second best place to live in the nation.  Naperville has 
received many awards for the Most Kid Friendly City (Naperville Area Chamber of 
Commerce, 2004). The Naperville Park District has over 133 properties allocated for 
recreational activities (Chamber). Bike paths and parks abound, as citizens are 
encouraged to utilize the facilities. Healthcare is provided by a state of the art hospital 
with a myriad of community programs to foster health promotion. Most families have 
excellent healthcare.  
The very wealth that brought such blessings may also have caused harm. Data 
from the Illinois Behavioral Risk Factor Surveillance System (BRFSS) indicated that 
only 39.5% of the Naperville population followed the Surgeon General’s guidelines for 
exercise (BRFSS, 2004).   While 59% were overweight, which is much less than the 
national average, only 20% ate five or more servings of fruits and vegetables each day.   
 The Director of the Naperville Heart Hospital, Dr. Vincent Bufalino, provided 
statistics regarding the Naperville community and his experience with CAC scoring 
technology (Edward Chat, 2005). He stated that approximately 60% of adults scanned 
have abnormal findings of some type of calcium deposits. About 4% require procedures 
to correct stenotic coronary artery lesions. The greatest benefit from the technology is to 
identify individuals at risk for an ischemic event and to use the CAC score as a motivator 
for behavior change.  
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The imaging center performs multiple diagnostic procedures throughout the day, 
and averages approximately 70 to 90 screening CAC scans per month. Space within the 
radiology center was limited. The center staff requested that participants interested in 
learning about the study be approached immediately following their CAC scan in the 
scan room while awaiting final processing of their paperwork. Participants who were 
enrolled in the study could complete their surveys in the CT room or in an adjacent small 
waiting area if vacant. In either case the seating was comfortable and private.  
Sample and Inclusion/Exclusion Criteria 
 Using a face to face proactive approach, participants were recruited from patients 
who were obtaining a CAC screening scan either by physician’s order or by self-referral. 
The imaging center did not inform patients of their CAC results for 24 to 48 hours after 
the scan. It was important to obtain a sample with a good distribution of persons with 
positive calcium scores in order to test the influence of CAC on the variables of interest. 
Strategies were needed to insure that the target sample was at high risk for CVD.  For this 
study, high risk was defined as ! 3 of the following risk factors: male ! 45; female ! 55; 
personal history of diabetes, hypertension or dyslipidemia; tobacco use within the past 6 
months; and family history of myocardial infarction, stent placement, coronary bypass 
surgery or stroke within a father or brother ! 55 and or mother or sister ! 65 (NCEP III, 
2001). Any male or female participant who met at least three of the criteria was invited to 
participate. See Appendix C. to review the Eligibility Form that was utilized to determine 
the number of CVD risk factors. 
Participants with a personal history of coronary heart disease such as myocardial 
infarction, angioplasty with stent placement and coronary artery bypass grafting were 
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excluded. Screening CAC scoring is not recommended for such individuals (Greenland et 
al., 2007). An individual who had a CAC screening within the past three years was also 
excluded. In addition, individuals who did not speak or read the English language were 
excluded. The instruments used for this study were only available in English. Individuals 
with severe oncology, renal impairments or other serious medical maladies were also 
excluded as the comorbidities may confound or bias the results. For instance, quality of 
life may be altered related to a chronic disease process and have nothing to do with the 
awareness of a CAC score. Finally, any adult < 40 years old or >79 years old were 
excluded. The inclusion criterion ! 40 was chosen since the imaging center only allowed 
self-referral patients for calcium scoring ! 40 years old. The upper limit for exclusion of  
> 79 was chosen since the FRS calculation ends with age 79 (NCEP III, 2001).   
Sample Size and Power Analysis 
The G power approach provided the most accurate method for estimating sample 
size. G Power is an on line program that calculates sample size from data (G Power 3.0, 
2008). The first 50 participants were assessed for the final sample size using G power 
calculations. See Appendix D. 
A two tailed significance was used since little was known about the relationship 
between awareness of a CAC score and various risk perceptions, psychological well-
being and motivation to engage in health promoting behaviors. The power was set at 
0.80, typical for behavior research (Hulley et al., 2007).  The G Power calculation 
estimated a sample size of 85. For analysis of five CAC groups, 17 participants were 
needed within each group. To allow for 25% attrition, an additional 30 were planned for a 
total of at least 125 participants. 
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Enrollment accrued consecutively from August until February.  Any participant 
that met study enrollment criteria and consented to participant in the study was enrolled.  
During this period approximately, 100 participants were enrolled, mostly those with low 
0 CAC scores. The normal cost for a CAC scan was $120.  However, during February- 
Heart Month- the cost was decreased to $25.  Staff at the radiology center sent emails to 
all patients on their mailing list regarding the special discount. Family practice and 
internal medicine offices were also notified of the discount and print materials were 
displayed at the imaging center.  
The reduction in cost resulted in an influx in patient volume.  Over 400 patients 
were scanned during February, 101 males and 163 females had 0 scores.  During this 
time the center requested a change in the study enrollment process to accommodate this 
higher volume. In order to capture patients who had scores greater than “0” and to 
decrease burden of staff at the data collection site, participants with potentially 0 scores 
were no longer approached. Instead, the CT technician would notify the PI of any 
participant with a “positive” CAC score who was then asked if they were interested in the 
study. If interested, they were escorted to a small waiting room to obtain consent. A 
stratified, consecutive, enrollment sampling continued to enroll patients within the 
remaining four CAC groups. While 94 participants were enrolled from the periods of 
August 25, 2010 to January 24, 2011, during the $25 discounted rate time frame (five 
weeks) 120 participants were enrolled and 317 excluded. Only seven more were enrolled 
in March, 2011. The numbers of patients obtaining a CAC scan further plummeted in 
April, as other facilities decreased their cost as well. The convenience sample accrued 
until the number required for the study was met and enrollment ended June 20, 2011. 
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Measurement 
The following section describes the conceptual framework and the properties and 
psychometrics of each of the tools utilized to operationalize key constructs of the Health 
Belief Model (HBM). Components of the HBM will serve as the conceptual framework 
for this study. The discussion of the variables flows from left to right as depicted in 
Figure 3.  
Figure 3. Operationalized Health Belief Model.  
 
 
 
 
 
 
 
 
 
 
Operational Definition of Variables 
 Only self-report instruments with strong psychometric properties were utilized to 
capture the constructs. See Appendix C for a copy of the tools.  
The constructs were operationalized with the following tools: quality of life 
(Quality of Life Index, Cardiac IV), worry [#19 on Basic Demographic Form (BDF) and 
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#14 on 3 Month Follow Up (FU)], benefits for behavior change (The Benefits Scale), 
barriers for behavior change (The Barriers Scale), CHD risk perception (Perception of 
Risk of Heart Disease Scale) and #18 on BDF and # 6 FU, stage of readiness for behavior 
change (the Readiness Tool taken from Question # 58 of the Wellsource Personal 
Wellness Profile), health promotion behavior (Health-Promoting Lifestyle Profile II), 
CVD medication adherence (#14 on the BDF and #10 on FU) and subclinical 
atherosclerosis with a CAC score obtained from an imaging center nurse. Table 2. 
summarizes keys components of the constructs and variables used in this study followed 
by a discussion of each instrument. 
Quality of life.  The Quality of Life Index, Cardiac IV (QOL) was developed to 
measure quality of life (Ferrans & Powers, 1985). There are four subscales: health and 
functioning, psychological/spiritual, social and economic and family. Six Likert choices 
are available from very dissatisfied to very satisfied. Scores range from 0 to 
30 with higher scores indicating higher perceived overall quality of life. The cardiac 
version has been used within nine studies with Cronbach’s ! ranging from 0.86 to 0.98 
(Ferrans & Powers, 2010). Convergent validity was strong when compared to the 
Measure of Life Satisfaction (Bliley & Ferrans, 1993). It was deemed important for this 
study to measure quality of life to ascertain changes following a CAC scan. In addition, 
the writers of the ACCF/AHA 2007 Clinical Expert Consensus Document on Coronary 
Artery Calcium Scoring requested that future CAC research should contain quality of life 
data (Greenland et al., 2007).  
 
 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !
!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!66 
Table 2. Constructs and Instruments of the Study. 
 
Construct Tool # of 
Items 
Reliability/Validity 
Quality of Life Quality of Life 
Index- Cardiac IV 
35 (!= 0.86 to 0.98) 
Convergent validity was high when 
compared with Measure of Life 
Satisfaction Tool (r=0.61, 0.65, 
0.75,0.77, 0.80, 0.83 & 0.93). 
Worry #19 (baseline) 
#14 (3 month FU) 
1 NA 
Benefits of 
Behavior 
Change 
Benefits Scale 12 (!= 0.72 to 0.79) 
(!= 0.72 to 0.76) 
Reported only that it was validated 
by CVD experts and ran factor 
analysis with 2 factors. 
Barriers of 
Behavior 
Change 
Barriers Scale 12 (!= 0.72 to 0.88) 
Same validity comment as above. 
Risk Perception Perception of 
Risk of Heart 
Disease Scale  
20 (!= 0.80) 
Items from literature review. 
Validated by 8 participants and 10 
experts. 
Factor analysis run  
Health 
Promoting 
Behaviors 
Health-promoting 
Lifestyle Profile 
II 
52 (!= 0.92-0.95) Validity was 
enhanced with extensive literature 
review and testing questions on 
participants before doing factor 
analysis.  
Readiness to 
Change 
Behavior Level 
Readiness Tool 
Question #58 
from Wellsource 
tool 
9 Experts from U of Florida 
conducted a review of the form and 
concluded it had strong content 
validity (face) 
Medication 
Adherence 
#14 (baseline 
BDF) 
#10 (3 month FU) 
1 NA 
Subclinical 
Atherosclerosis 
CAC Score 1 Concordant imaging was 96%, 0 
scores have 99% - predictive value, 
“+ CAC is 100% specific for 
atheromatous coronary plaque, but 
not highly specific for obstructive 
disease”.  
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Worry. Increased worry following a CAC scan was suggested by Wong et al. 
(1996) and Sandwell et al. (2006). They directed future researchers to investigate whether 
patients were more worried after being informed of an abnormal CAC score. It was 
measured with one Likert question developed for this study, “Are you worried about your 
calcium score results? Please circle the number that most represents your level of 
concern”.  The range of answers was from (1) “not at all worried” to (10) “extremely 
worried”. It was followed by an open-ended item, “Please explain.” It was deemed 
important to allow the participants an opportunity to describe their reasons for increased 
worry if it was present and whether it was related to their CAC results. The wording may 
be found on question #19 from the baseline demographic form and  #14 at FU. See 
Appendix C.  
The Benefits Scale of behavior change. A great deal of research has supported 
the concept that individuals engage in healthier behaviors because they perceive that the 
benefits outweigh the barriers (Baranoski, Perry & Parcel, 2002; Muse, 2005; Prochaska, 
Norcross & DiClemente, 1994; Rollnick, Mason & Butler, 1999). The Benefits Scale was 
developed to measure the perceived benefits of behaviors that reduce cardiovascular risk 
(Murdaugh & Verran, 1987). It is a 12 item, Likert tool that asks participants to chose 
from one of four possible answers from (1) “strongly disagree” to (4) “strongly agree”. 
Scores range from 12 to 48. Higher scores indicate a higher belief in perceived benefits 
for healthier behavior change. Reliability has been reported between 0.72 to 0.79 
(Murdaugh, 2010). The authors reported that the tool was validated by CVD experts and 
factor analysis was done to identify two factors but no other validity information was 
provided. Within this review, the tool was used by Thanavaro et al. (2006) with 
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Cronbach’s ! at 0.75. Perceived benefits is an important component of the Health Belief 
Model and should be measured in research regarding behavior change. 
The Barriers Scale to behavior change. Barriers to health promotion have also 
been exclusively studied (Artinian et al., 2010; Croyle et al., 2006; Kahlia et al., 2006; 
Prochaska, Norcross & DiClemente, 1994; Rollnick, Mason & Butler, 1999). The 
Barriers Scale is a 12 item, Likert tool that asks participants to chose from one of four 
possible answers from (1) “strongly disagree” to (4) “strongly agree” (Murdaugh & 
Verran, 1987). Scores range from 12 to 48. Higher scores indicate a higher belief in 
perceived barriers for healthier behavior change. Reliability has been reported between 
0.72 and 0.76 (Murdaugh, 2010). The authors reported that the tool was validated by 
CVD experts and factor analysis was done to identify two factors but no other validity 
information was provided. Thanavaro et al. (2006) used this tool within their study and 
reported Cronbach’s ! at  0.88. They also found that the scores from the Barriers Scale 
was the key predictor of whether an individual initiated behavior change and should be 
measured in future behavior change research.  
Risk perception. It was important to quantify an individual’s perception of risk 
for CVD following the CAC screening. The Perception of Risk of Heart Disease Scale 
(PRHDS)  is a newly developed 20 item, Likert instrument with answers ranging from (1) 
“strongly disagree” to (4) “strongly agree” (Ammouri & Neuberger, 2008). Scores range 
from 20 to 80. Higher scores indicate a greater perception of risk. The English tool was 
tested in Jordan on 295 adults with reliability reported at an ! of 0.80. The PRHDS was 
positively correlated with the Health-Promoting Lifestyle Profile II, a measure of health 
promoting behaviors. As risk perception scores increased, health promotion behaviors 
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increased as well and performed as expected (r=0.20 to 0.39). Few tools exist to measure 
risk. The strong reliability that has been reported made this a worthwhile tool to use in 
assessing an individual’s risk perception following a CAC scan. Risk perception should 
increase with increasing CAC scores. In addition #18 on baseline form and #6 on the 3 
month FU form allowed the participant to identify their perception of their risk category. 
One would expect their perception to match the PRHDS scale. 
Health-promoting behaviors. Attitudes and behaviors regarding health 
promotion should be measured. The original Health-Promoting Lifestyle Profile tool 
(Walker, Sechrist & Pender, 1987) was developed for researchers to “investigate patterns 
and determinants of health-promoting life-style, as well as the effects of interventions to 
alter lifestyle” (p. 76). It was updated to better reflect more recent health promoting 
practices in the Health-Promoting Lifestyle Profile II (HPLP II) (Walker & Hill-
Polerecky, 1996). The instrument consists of 52 items, with six subscales that utilize a 
Likert scale with responses (1= never, 2= sometimes, 3= often, 4= routinely). Scores are 
reported as a mean of the 52 Likert answers that range from 1 to 4. Higher scores 
represent greater health promoting behaviors. In the original study, 952 Midwestern 
adults, with a mean age of 39.2 years, were recruited from “corporate, and industrial 
worksites, colleges, and adult service, social, and recreational organizations” (p. 77).  
Overall, internal consistency reliability on the large sample was reported with a 
Cronbach’s ! of 0.92 while the six subscales were ! = 0.90, 0.81, 0.80, 0.75, 0.80 and 
0.70. The revised six subscales identified various components of a healthy lifestyle with 
stronger reliability: health responsibility (! = 0.86), physical activity (! = 0.85), nutrition 
(! = 0.80), spiritual growth (! =0.86) interpersonal relations (! = 0.87) and stress 
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management (! = 0.79). A search of the Health and Psychosocial Instruments database 
indicated that the tool has been used over 50 times in a variety of samples. Validity was 
enhanced with an extensive literature review and a pilot test of items on participants 
before doing factor analysis. Researchers investigating risk perception and CVD risk 
reducing behaviors also used the HPLP II tool with reported Cronbach’s ! at 0.95 
(Thanavaro et al., 2006; Oliver-McNeil & Artinian, 2002). This tool enabled health 
promotion behaviors to be quantified. One would expect HPLP II scores to increase as 
CAC scores increase. 
 Readiness to change behavior. The concept of readiness to change was taken 
from the Transtheoretical Model (TTM) and represented an individual’s state of behavior 
change (Prochaska, Norcross & DiClemente, 1994). The Readiness Tool taken from 
Wellsource Personal Wellness Profile Advantage (Wellsource Inc., 2007) provides one 
question (#58) that measures readiness to engage in nine health behaviors. The behaviors 
are: being physically active, having good eating habits, avoiding smoking, maintaining a 
healthy weight, coping with stress, lowering cholesterol and blood pressure, using alcohol 
in moderation and living an overall healthy lifestyle.  Participants are asked to respond 
with one of five Likert type ranges: (1) no present interest in making a change, (2) plan a 
change in the next 6 months, (3) plan to change this month, (4) recently started doing 
this, (5) already do this regularly (the last six months). A higher score indicates greater 
interest in behavior change, which one would expect with higher CAC scores. The 
Personal Wellness Profile Advantage has been used extensively. Higher levels of 
readiness should correlate with the HPLP II tool to enhance construct validity. A 
representative from Wellsource stated that experts from the University of Florida 
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conducted a review of the form and concluded it had strong content validity (face) 
(Wellsource) but no other information was provided.  
Medication adherence. According to NCEP III (2001) guidelines a CAC score   
> 10 is a risk equivalent for CAD and should be treated aggressively with an LDL 
cholesterol goal of <100 mg/dl.  In addition, blood pressure should also be controlled. 
Aspirin therapy should be initiated unless contraindicated. Question #14 on the baseline 
demographic form and #10 on the three month FU form ascertain medication adherence 
for blood pressure, cholesterol and aspirin therapy. A checkbox for other medication 
compliance was also provided with a space to allow for an explanation as needed. 
Additional open-ended questions were included at both baseline and FU to allow for the 
participant to describe medication adherence issues. 
Subclinical atherosclerosis. The CAC score represented the amount of 
subclinical atherosclerosis present. Budoff et al. (2006) writing for the American Heart 
Association provided validity information on CAC technology. CAC scores of 0 have a 
99% negative predictive value. Positive CAC is “100% specific for atheromatous 
coronary plaque, but not highly specific for obstructive disease” (Budoff et al., p. 1771). 
Concordant imaging between repeat scans was 96%.   
 CAC scores were grouped three different ways for analysis in this study.  First, 
five at risks groups were identified based on the Agaston scoring system (see Table 1), 
where 0= no risk, 1-10= low risk, 11-100= mild risk, 101- 400= moderate risk and >400= 
high risk for a stenotic lesion.  A second grouping method was to combine all 4 CAC risk 
scores into a “positive CAC score” group as compared to a 0 CAC score “no risk” group. 
The third grouping was based on “percentage risk” as determined by age and CAC score 
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and as reported to the patients by the radiology nurse.  The ranking levels for risk for a 
cardiac event are: 0-25% risk, 26-50% risk, 51-75% risk, 76-90% risk and >90% 
percentile risk. 
Procedure 
The timeline for the study and associated activities during the time periods are 
displayed in Appendix E.  
Consent Process  
Individuals were approached at the site immediately following their CAC scan, 
while they awaited final CT radiology paperwork processing. The participant was asked 
if he or she would like to learn more about a Loyola research study being conducted at 
the radiology center. If yes, the study was explained briefly in nontechnical language.  
Next, they were asked questions to determine eligibility for the study. The Primary 
Investigator (PI) completed the check list on the Eligibility Form. If they met the research 
requirements and agreed to participate, they were assigned a sequential number, which 
was recorded on each instrument reviewed with the participant. Only the Participant 
Tracking Form and Study Tracking Log contained their contact information such as 
name, address and telephone number.  Permission was obtained to leave a message if 
voice mail was reached. All identifiable information was kept within a secured location in 
order to maintain confidentiality. See Appendix F for a copy of the consent and Appendix 
G for a copy of the individual Participant Tracking Form and the Study Tracking Log.  
Baseline Data Collection 
 At baseline, each participant received a detailed explanation on how to complete 
the study questionnaires on site and told that in three months a second packet would be 
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mailed to them with a self-addressed envelope to be retuned to the post office box set up 
for the study. Each participant was reminded that they could withdraw from the study at 
any time. 
The participants were instructed to follow the directions on each form and leave 
blank any questions that they felt uncomfortable in addressing. They were given a 
clipboard and pen holding the questionnaires to be completed before leaving the facility. 
If the adjoining waiting room was empty, they were escorted there for additional privacy 
and comfort. The PI remained outside of the room for questions and assistance if needed. 
It took most participants approximately 30 minutes to complete all of the surveys. Water 
and coffee were offered halfway through the process along with an opportunity to ask any 
questions regarding the study.   
Within a few weeks of initiating the study several participants who qualified for 
inclusion stated that they did not have enough time to remain on site to complete the 
surveys due to prior appointments.  In order to not lose potential participants, this 
investigator obtained IRB approval to allow those participants to complete their surveys 
at home and mail them back to the PI.  Explicit instructions were given that the surveys 
must be completed (that day) before they were made aware of their CAC results and 
mailed back to the PI the next day. Nurse callback and postmark dates were tracked to 
ensure the validity of the study. When conflicts arose, the participant was questioned for 
clarification to ensure that the baseline packet was completed before CAC results were 
known.  Any participant who completed their baseline packet after result consultation 
with a physician, nurse or physician assistant was excluded from the study.  
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Radiology nurses provided the patients a few minutes of telephone consultation 
within 24 to 48 hours after the exam. See Appendix H for a display of the handouts that 
participants received in the mail following the exam. The nurses utilized the handouts 
during their result consultation. Patients were encouraged to follow up with their 
physician. Protocols were in place for patients with very high scores. Generally, the 
physician’s office was notified immediately of any very high score (>1000). Some 
physicians bypassed the radiology center nurse callback and preferred to disseminate the 
results to their patients.  The CAC score results were provided to the PI by the radiology 
technologist within one week following the scan.   
Three Month Follow Up 
 Three months following the CAC scan, participants were telephoned to remind 
them to watch for the follow-up packet that was mailed to their home. They were asked 
to complete the packet within a week or two and mail it back using the self-addressed 
stamped envelope.  They were instructed to include any additional questions that arose. 
Postmark dates were tracked and reminder calls made if needed. 
Upon completion of the study participants received a thank you note and a Barnes 
and Noble gift card of $10 for completion of the each time point.  Each participant also 
received the handout “High Blood Cholesterol, What You Need to Know”. See Appendix 
C for the Handout, and Appendix I for a copy of the letter.  At the end of the study one 
Nintendo Exercise Wi was raffled and disseminated.  Finally, a thank you gift and letter 
was sent to the imaging center for their assistance in the endeavor. 
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Addendum to Study 
It is possible that three months may not be a long enough period to accurately 
measure whether the behavioral changes observed within this study were sustained over 
time. Therefore, IRB approval was obtained to seek authorization from the participants to 
approach them at a future date to consider completion of another packet. A postcard was 
mailed to the participants who had completed both time points. Those participants who 
checked “You may contact me at a future date to consider participating in another study” 
may be asked to consider completion of another packet at a future time. All other 
participants will not be contacted. See Figure 4. 
Figure 4. Follow Up Postcard. 
Please ! appropriate line. 
_____You may contact me at a future date to consider participating in another study. 
_____Please do not contact me any further. 
Thank you. #__________ 
 
Data Entry and Analysis 
The order of the questionnaires for baseline and three month follow up time 
points was varied among the packets to decrease the confounding influence of tool 
fatigue. Once each packet was completed, data was entered into a Statistical Package for 
the Social Sciences (SPSS) 17.0 file.  Descriptive statistics is provided on the sample.  
Group means for demographic as well as dependent and independent variables is 
displayed in tabular form. Statistical significance was set at p<0.05 and power was set at 
0.80 in order to limit the possibility of a type 2 error. During data analysis, scatter plots, 
histograms and other statistical tools were used to evaluate whether the variable of 
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interest had a normal distribution. Reliability was reported on all continuous tools tested 
on this sample.  
Aim 1 examined risk perceptions, psychological well-being and health promoting 
behaviors in persons informed of a CAC score.  A repeated measures analysis of variance 
(ANOVA) was used to test differences in each dependent variable (risk perception, 
psychological well-being and health promoting behaviors) between the five CAC score 
risk groups (independent variable) over time. The between subjects independent variable 
was CAC level and the within subject variable was time with two levels: baseline and 
three month follow up. McNemar’s Chi Square analysis for categorical variables was 
used to test differences in cardiac risk reduction medication usage between baseline and 
three months follow up. See Figure 5.  
Figure 5. Diagram of the Constructs of Aim 1.  
 
 
Aim 2 determined the most significant predictors of health promoting behaviors 
in persons informed of a CAC score. A hierarchal multiple regression analysis was run on 
the three month follow up data to determine the significant predictors for health 
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promoting behaviors. The independent variables or predictors examined were the CAC 
score, PRHDS T2 mean scores, QOL Index Cardiac Version IV T2 mean scores, worry 
question T2 mean scores, Benefits Scale T2 mean scores and Barriers Scale T2 mean 
scores. The dependent variables were the HPLPII mean scores. The significant predictors 
were reported as a standardized beta. See Figure 6. !
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CHAPTER FOUR 
RESULTS 
The primary purpose of the study was to better understand how the awareness of a 
CAC score alters risk perception, psychological well-being and health promoting 
behaviors in persons at high risk for CVD. Aim 1. examined risk perceptions, 
psychological well being and health promoting behaviors in persons informed of a 
coronary artery calcium (CAC) score. Aim #2. determined the most significant predictors 
of health promoting behaviors in persons informed of a CAC score. This chapter provides 
a summary of the study results that are described in the following order: sample; sample 
characteristics; analysis of risk perception, quality of life, worry, health promoting 
behaviors, smoking, medication use, benefits and barriers of behavior change and the 
predictors of those who engage in health promoting behaviors. It will conclude with a 
summary of the responses from the open-ended qualitative items. 
Sample 
Participants were recruited from an affluent Midwestern community and 
independent private radiology center offering a coronary artery calcium (CAC) heart 
scan. Two hundred and twenty eight patients who met enrollment criteria were 
approached to consider participation in the study. Of those, 221 (97%) agreed to 
participate and were enrolled. The reason given for not participating was lack of time or  
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interest in completing the study surveys. Of the 221 participants who were enrolled, 23 
were not usable (17 not returning baseline form and six not following the protocol). Thus, 
there were 198 participants at baseline. Subsequently, there were 23 that did not return 
the three month packet and one patient developed lung cancer. Thus, the attrition rate 
from baseline to three months was 18%. 
The most common reason given for not following the study protocol was 
completion of the baseline T1 packet after result consultation with the radiology center 
nursing staff or family physician. It was mandatory that participants completed the 
baseline packet before they were made aware of their CAC results in order to accurately 
measure the influence of the awareness of a CAC score from baseline to three month 
follow up. Thirty-three (19%) of the sample completed the surveys onsite while 141 or 
81% completed them at home and mailed the baseline T1 packet to the post office box set 
up for the study.   
Sample Characteristics 
A total of 174 adults participated in the study and completed both time points. 
The mean age was 58.5 years old, 62% were male, and 89% were Caucasian. The sample 
was well educated, with 80% having at least some college, 28% earning a college degree 
and another 32% with post college degrees. Nearly half had annual incomes >$100,000, 
with only 9% with an annual income <$50,000. Of the overall sample, 98 (56%) had a 
physician’s referral for the CAC scan while 75 (43%) were self-referral. Table 3. 
provides information on the overall sample characteristics. 
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Table 3. Sample Characteristics (N=174). 
 
Characteristic N      Mean & SD/ 
     % of sample 
 
Age 
 
174 !X = 58.5 years 
SD = 7.5  
 
Gender 
! Male 
! Female 
 
 
107 
  67 
   
  62% 
  38%  
Race (n=170) 
! Caucasian 
! African American 
! Hispanic 
! Asian 
! Indian 
 
 
155 
2 
1 
9 
3 
 
89% 
2% 
1% 
5% 
3% 
 
Education (n=173) 
! High School 
! Some College 
! College Degree 
! Advanced Degree 
 
 
35 
35 
49 
54 
 
20% 
20% 
28% 
32% 
Income (N=174) 
! <$50,000 
! $51,000-$100,000 
! $101,000-$150,000 
! $151,000-$200,000 
! >$200,000 
! Prefer not to answer 
 
16 
53 
34 
27 
20 
24 
 
9% 
30% 
20% 
16% 
11% 
14% 
 
CAC Groups (N=174) 
! 0 Score 
! 1-10 Score 
! 11-100 Score 
! 101-400 Score 
! >400 Score 
 
46 
29 
45 
33 
21 
 
26% 
17% 
26% 
19% 
12% 
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The major risk factors examined in the study were: male ! 45; female ! 55; 
personal history of diabetes, hypertension or dyslipidemia; tobacco use within the past six 
months; and family history of myocardial infarction, stent placement, coronary bypass 
surgery or stroke within a father or brother ! 55 and or mother or sister ! 65 (NCEP III, 
2001). Table 4. shows the number of self-reported risk factors among the entire sample. 
The most common risk factor was dyslipidemia, present in 88% (n=154) of the overall 
sample while hypertension was present in 66% (n=115) of the overall sample. Pre-
diabetes was present in 17% (n=30) of the sample while 10% (n=17) reported that they 
had diabetes. Only 12% (n=21) described themselves as “current smokers”. Participants 
needed ! 3 of these self-reported risk factors to be defined as high risk and included in 
the study.  
The sample was divided into five risk groups based on their CAC score risk level: 
normal risk (0 CAC), low risk (1-10 CAC), mild risk (11-100 CAC), moderate risk (101-
400 CAC) and high risk (>400 CAC).  The total number of risk factors remained similar 
across the first four groups, while the highest CAC risk group (>400) had a greater 
number of participants with six risk factors. Table 4. provides a summary of the 
prevalence of the major risk factors among the sample. 
 
 
 
 
 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! ! !
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!82 
Table 4. Prevalence of Self Reported Risk Factors Among the Sample and Within CAC 
Groups. 
 
Risk Factors 
(RF) 
Total 
 
N=174 
0 CAC  
 
(n=46) 
1-10 
CAC 
(n=29) 
11-100 
CAC  
(n=45) 
101-400 
CAC  
(n=33)  
>400 
CAC  
(n=21) 
 
3 RF 94 
54% 
28 
61% 
18 
62% 
24 
54% 
19 
58% 
5 
24% 
4 RF 50 
29% 
14 
30% 
8 
28% 
14 
31% 
7 
21% 
7 
33% 
5 RF 25 
14% 
4 
9% 
3 
10% 
6 
13% 
7 
21% 
5 
24% 
6 RF 5 
3% 
 
- 
 
- 
1 
2% 
 
- 
4 
19% 
Age !X = 58.5 
SD=7.5 
!X =56.8 
SD=7.2 
!X = 58.9 
SD=  7.4 
!X=58.5 
SD=6.8 
!X=58.7 
SD=8.6 
!X=61.2 
SD=7.7 
Female    
(!55) 
67 
38% 
26 
56% 
11 
38% 
13 
29% 
12 
36% 
5 
24% 
Male      
(!45) 
107 
62% 
20 
44% 
18 
62% 
32 
71% 
21 
64% 
16 
76% 
Family 
History 
72 
41% 
18 
39% 
12 
42% 
18 
40% 
14 
42% 
10 
48% 
Current 
Smoker 
21 
12% 
8 
17% 
1 
3% 
5 
11% 
4 
12% 
3 
14% 
Exsmoker 60 
35% 
15 
33% 
10 
35% 
19 
42% 
8 
24% 
8 
38% 
Hypertension 115 
66% 
28 
61% 
17 
59% 
27 
60% 
28 
85% 
15 
71% 
Diabetes 17 
10% 
1 
2% 
4 
14% 
5 
11% 
1 
3% 
6 
29% 
Prediabetes 
 
30 
17% 
7 
15% 
5 
17% 
6 
13% 
6 
18% 
6 
29% 
Dyslipidemia 
 
154 
88% 
39 
85% 
26 
90% 
42 
93% 
27 
82% 
20 
95% 
Depression 
 
20 
12% 
8 
17% 
2 
7% 
6 
13% 
4 
12% 
0 
 
Finally, 76% (n=133) of the participants followed up with their physician after 
completing the CAC scoring as summarized in Table 5. The highest risk groups had the 
greatest number of previous CAC scans: CAC 101- 400 (39%) and CAC >400 (43%). As 
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CAC score risk group increased, so did the number of participants that sought medical 
advice from their physician. Follow up stress testing was completed by 17% (n=29) of 
the sample. As CAC risk increased, more participants underwent testing, especially 
within the highest risk groups: 101- 400 CAC (36%) and >400 (52%). All but one 
participant within the highest CAC risk group (>400) had follow up stress testing. Within 
the highest risk group (>400 CAC) two participants had coronary artery bypass graft 
(CABG) surgery. During the three month study period, one participant with a CAC score 
of 0 had an incidental finding that required a lung dissection for a tumor. Twenty 
participants or 12% of the sample reported that they were undergoing treatment for 
depression at baseline and again at three month follow up. 
 Table 5. Medical Follow Up Information from the Three Month Data. 
CAC Group Total 
 
N=174 
0 CAC 
 
n=45 
1-10 
CAC 
n=28 
11-100 
CAC 
n=44 
101-400 
CAC 
n=33 
>400 
CAC 
n=21 
Mailed in 141 
81% 
33 
73% 
22 
79% 
41 
93% 
30 
91% 
15 
71% 
Previous CAC 
scan 
49 
28% 
7 
15% 
8 
29% 
12 
27% 
13 
39% 
9 
43% 
Physician 
Referral 
98 
56% 
27 
60% 
15 
54% 
26 
59% 
19 
58% 
11 
53% 
Caucasian 155 
89% 
46 
100% 
23 
82% 
39 
89% 
30 
90% 
17 
81% 
Followed Up 
with a Physician 
133 
76% 
25 
55% 
21 
75% 
37 
84% 
30 
91% 
20 
95% 
Stress Testing 
Obtained 
29 
17% 
1 
2% 
1 
3% 
4 
9% 
12 
36% 
11 
52% 
Cardiac Event 
• CABG 
     2 
10% 
    !CABG = Coronary Artery Bypass Graft Surgery 
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Preparation of Data for Analysis 
 
 The data were entered into a Statistical Packages for the Social Sciences (SPSS) 
Statistics GradPack 17.0 (2008). A random system was utilized to screen for errors. Of 
the 76 charts examined, four errors were due to single data point entry mistakes and two 
to simple mathematical errors. All errors were corrected.  Of the participants, 174 
completed both time points. Nine surveys were incomplete due to missing baseline data: 
a) five participants left one survey incomplete; b) one participant left two surveys 
incomplete; and c) one participant left three surveys incomplete. The Readiness to 
Change Tool was especially problematic for the participants. At baseline, eight non-
smokers and five ex-smokers selected (1) “no interest in making a change to avoid 
smoking or using tobacco”, while at three month follow up they selected (5) “already do 
this regularly (for the last six months). Since 13 participants appeared confused with the 
tool, it was eliminated from the analysis. Data was analyzed whenever instruments from 
both time points were available. The remaining instruments were inspected for outliers. 
No errors were found. The data (N=174) was examined for a normal distribution via 
frequency distributions and histograms and found to have a normal distribution. See 
Table 6.  
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Table 6. Distribution Statistics of the Sample for Study Instruments.  
Variable n Range Mean SD Standard 
Error 
Risk Perception 
! Baseline 
! 3 Month 
 
171 
171 
 
35-75 
38-74 
 
56.46 
56.40 
 
6.91 
6.56 
 
0.53 
0.50 
QOL Index-Cardiac IV 
! Baseline 
! 3 Month 
 
169 
169 
 
12-29.76 
9.6-29.70 
 
23.34 
23.66 
 
3.50 
3.84 
 
0.27 
0.30 
Worry Item 
! Baseline 
! 3 Month 
 
171 
171 
 
1-10 
0-10 
 
4.52 
3.27 
 
2.30 
2.37 
 
0.17 
0.18 
Health-promoting Lifestyle II 
! Baseline 
! 3 Month 
 
174 
174 
 
1.62-3.43 
1.46-3.65 
 
2.60 
2.70 
 
0.42 
0.44 
 
0.03 
0.03 
Benefits of Behavior Change 
! Baseline 
! 3 Month 
 
171 
171 
 
17-48 
27-48 
 
39.70 
40.50 
 
5.33 
4.94 
 
0.40 
0.38 
Barriers of Behavior Change 
! Baseline 
! 3 Month 
 
170 
170 
 
12-29 
10-34 
 
21.42 
21.00 
 
4.04 
4.80 
 
0.31 
0.37 
 
Skewness indicates how the means fall out within the distribution curve (Field, 
2005). A positive skew indicates a pile up of answers at the lower end of the distribution 
curve, while a negative skew indicates a pile up of values toward the upper side of the 
distribution curve. The Quality of Life Index-Cardiac IV (baseline and three month) and 
the Benefits of Behavior Change Surveys (baseline) were negatively skewed while the 
Perceived Worry tool (three month) was positively skewed. Values were still very close 
to zero and indicated a normal distribution. See Table 7.  
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Table 7. Skewness and Kurtosis of the Sample on Study Instruments (N=174). 
Variable Skewness Kurtosis 
Risk Perception 
! Baseline 
! 3 Month 
 
0.99 
0.37 
 
 0.22 
-0.01 
QOL Index-Cardiac IV 
! Baseline 
! 3 Month 
 
-0.8 
-0.9 
 
 0.22 
-0.01 
Worry Item 
! Baseline 
! 3 Month 
 
0.23 
0.94 
 
-0.86 
-0.05 
Health-promoting Lifestyle II 
! Baseline 
! 3 Month 
 
-0.14 
-0.12 
 
-0.63 
-0.05 
Benefits of Behavior Change 
! Baseline 
! 3 Month 
 
-.081 
-0.43 
 
 1.21 
-0.05 
Barriers of Behavior Change 
! Baseline 
! 3 Month 
 
-.04 
-0.2 
 
-.030 
-0.28 
 
Analysis of Aim 1 
Aim 1. was to examine risk perception, psychological well being and health 
promoting behaviors in persons informed of their CAC score. This aim was assessed with 
the PRHDS, the QOL Index-Cardiac IV, and the HPLP II surveys respectively. Each tool 
is described in detail in chapter III. Scores were examined for normal distribution as 
previously discussed. Higher scores on the PRHDS indicate higher levels of risk 
perception. Higher scores on the QOL Index-Cardiac IV indicate better quality of life 
while higher scores on the HPLP II represent greater health-promoting behaviors.  
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Analysis of Risk Perception 
Hypothesis #1. Persons informed of a higher CAC score will have a higher risk 
perception than persons with a lower CAC score.  
 Perception of Risk of Heart Disease Scale (PRHDS). The construct of risk 
perception was operationalized with the 20-item Perception of Risk of Heart Disease 
Scale (PRHDS) (Ammouri & Neuberger, 2008). Scores range from 20 to 80.  
Internal consistency for the tools and the subscales used within this study was 
assessed with Cronbach’s alpha to determine if a particular subscale was problematic for 
the participants. The survey consisted of three subscales: Dread Risk, Risk and Unknown 
Risk. The Dread Risk subscale (“There is a possibility that I have heart disease”.) and 
Risk subscale (“I am not worried that I might get heart disease”.) contained questions to 
ascertain an individual’s belief of risk for getting “heart disease”. The Unknown Risk 
subscale (“My lifestyle habits do not put me at risk for heart disease”) contained items to 
determine how lifestyle impacts heart disease risk. Cronbach’s alpha was 0.85 for the 
total PRHDS at baseline and 0.82 at three month follow up. The reliability for the 
PRHDS instrument may be found in Appendix J.  
Analysis of PRHDS by CAC score level. The CAC scores across groups at both 
time points are displayed in Table VIII. A repeated measures ANOVA was used to test 
differences in risk perception between five CAC score risk groups: at baseline and three 
months follow up. The between subjects independent variable was CAC level and the 
within subject independent variable was time, with two levels: baseline and three month 
follow up. The dependent variable was the total mean scores of risk perception using the 
PRHDS instrument. 
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Table 8. Mean Scores, Standard Deviations and Range Levels of the PRHDS Instrument 
Within Five CAC Risk Groups. 
 
CAC Group 
 
Total 
 
N=171 
0  
CAC 
n=45 
1-10 
CAC 
n=28 
11-100 
CAC 
n=44 
101-400 
CAC 
n=33 
>400 
CAC 
n=21 
 
PRHDS 
(baseline) 
! !X 
! SD 
! Range 
(20-80) 
 
 
 
56.46 
6.91 
35-75 
 
 
55.49 
5.93 
42-69 
 
 
55.93 
7.03 
46-73 
 
 
58.75 
5.71 
48-75 
 
 
55.55 
8.63 
35-71 
 
 
55.90 
7.52 
38-68 
PRHDS  
(3 month) 
! !X 
! SD 
! Range  
 
 
 
56.40 
6.56 
38-74 
 
 
54.31 
6.3 
38-69 
 
 
55.86 
5.84 
47-69 
 
 
56.95 
6.36 
48-70 
 
 
58.7 
6.43 
50-74 
 
 
56.71 
7.76 
44-69 
 
Results indicated that there were no significant differences in risk perception from 
baseline to 3 month follow up: time, F(1,166) = 0.14, p=0.71, nor differences between 
the five CAC risk groups, F(4,166) = 1.56, p=0.18. However, there was a significant 
interaction between CAC groups and time, F(4,166) = 3.59, p=0.008. Contrasts indicated 
that the mean PRHDS scores (risk perception) within the moderate (101-400 CAC) risk 
group increased significantly from baseline to three month follow up (p=0.004). See 
Figure 7. 
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Figure 7. Plot of the Mean PRHDS Score Differences from Baseline to Three Month 
Follow Up Among Five CAC Risk Groups (N= 171). 
 
 
* Contrasts indicated that risk perception increased significantly only within the 
moderate (101-400 CAC) risk group, p=0.004 at three month follow up. 
 
Analysis of PRHDS by percentile risk group. At the center where the study was 
conducted, patients were provided CAC result consultations using risk projections based 
on their CAC score alone and also their risk using a CAC score plus their age and gender 
(percentile ranking system). The ranking levels for risk for a cardiac event were: normal 
(0 to 25%) risk, low (26-50%) risk, mild (51-75%) risk, moderate (76-90%) risk and high 
(>90%) percentile risk.  
An analysis of the total PRHDS score was conducted using groups derived from 
their percentile ranking. The mean PRHDS scores across groups at both time points are 
displayed in Table 9.  
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Table 9. Mean Scores, Standard Deviations and Range Levels of the PRHDS Instrument 
Within Five Percentile Risk Groups. 
 
CAC + Age 
Percentile 
Risk Group 
Total 
(N=171) 
0-25% 
(n=54) 
Normal 
26-50% 
(n=27) 
Low 
51-75% 
(n=38) 
Mild 
76-90% 
(n=28) 
Moderate 
>90% 
(n=24) 
High 
PRHDS 
(baseline) 
! !X 
! SD 
! Range 
20-80 
 
 
56.46 
6.91 
35-75 
 
 
55.24 
5.88 
42-69 
 
 
55.04 
5.37 
47-67 
 
 
56.82 
8.40 
35-75 
 
 
57.64 
7.00 
47-70 
 
 
58.90 
7.48 
47-71 
PRHDS  
(3 month) 
! !X 
! SD 
! Range 
 
 
56.40 
6.56 
38-74 
 
 
54.30 
6.04 
38-69 
 
 
53.60 
5.21 
48-65 
 
 
57.80 
6.00 
44-70 
 
 
60.20 
7.00 
47-74 
 
 
57.70 
6.88 
46-72 
 
A repeated measures ANOVA was used to test differences in risk perception 
between the five percentile risk groups: normal (0-25% risk), low (26-50%) risk, mild 
(51-75%) risk, moderate (76-90%) risk and high (>90%) percentile risk. The between 
subjects independent variable was the percentile ranking groups and the within subject 
independent variable was time with two levels: baseline and three month follow up. The 
dependent variable was the total mean score of risk perception using the PRHDS 
instrument. 
Results indicated that on average there was no significant difference in risk 
perception from baseline to three month follow up: time, F(1,166) = 0.003, p=0.96. 
However, there was a significant difference between the percentile risk groups, F(4,166) 
= 4.20, p=0.003. The PRHDS mean scores were higher in the mild (51-75%) and 
moderate (76-90%) percentile risk groups and lower in the normal (0-25%), low (26-
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50%) and high (>90%) groups. No interaction was noted between time and the CAC 
percentile groups, F(4,166) = 2.26, p=0.06. See Figure 8. 
Figure 8. Plot of the Mean PRHDS Score Differences from Baseline to Three Month 
Follow Up Among Five Percentile Risk Groups (N= 171). 
 
 
 
Analysis of PRHDS by 0 versus positive (1 to >400) CAC score risk group. 
An analysis was conducted to compare the total PRHDS mean scores between the 
participants with a 0 CAC score with those that had a positive (1 to >400) CAC score. 
The total PRHDS mean scores across groups at both time points are displayed in Table 
10. A repeated measures ANOVA was used to test differences in risk perception between 
the 0 CAC score risk group and the participants with a positive (1 to >400) CAC score at 
baseline and three months follow up. The between subjects independent variable was 
CAC level and the within subject independent variable was time with two levels: baseline 
and three month follow up. The dependent variable was the total mean score of risk 
perception using the PRHDS instrument. 
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Table 10. Mean Scores, Standard Deviations and Range Levels of the PRHDS Instrument 
Within 0 Versus Positive (1 to >400) CAC Risk Group. 
 
CAC Group 
N=171 
0 CAC 
n=45 
+ CAC 
n=126 
PRHDS (baseline) 
! !X 
! SD 
! Range 20-80 
 
55.49 
5.93 
42-69 
 
56.81 
7.22 
35-75 
PRHDS (3 month) 
! !X 
! SD 
! Range 
 
54.31 
6.30 
38-69 
 
57.13 
6.52 
44-74 
 
Results indicated that on average there was no significant difference in risk 
perception from baseline to three month follow up: time, F(1,169) = 0.61, p=0.43. 
However, there was a significant difference between the two CAC groups, F(1,169) = 
4.09, p=0.045. The PRHDS mean scores were significantly higher in the positive (1 to 
>400) CAC group. However there was no interaction in time versus CAC group, 
F(1,166) = 1.85, p=0.18.  
Analysis of single item risk perception tool. Construct validity was further 
enhanced by including an item at both time points regarding risk perception, “Please 
circle what you think is your risk for heart disease or a heart attack”. Possible answers 
were: (1) “no risk”, (2) “low risk”, (3) “moderate risk”, (4) “high risk”. The item was 
designed for this study and may be viewed on the demographic baseline form and follow 
up form within Appendix C. The mean single item risk perception scores across groups at 
both time points are displayed in Table 11. 
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Table 11. Mean Scores, Standard Deviations and Range Levels of the Single Item Risk 
Perception Tool Among Five CAC Groups. 
 
 
Risk Level 
Total 
 
(N=171) 
0  
CAC 
(n=46) 
Normal 
1-10  
CAC 
(n=28) 
Low 
11-100 
CAC 
(n=44) 
Mild 
101-400 
CAC 
(n=32) 
Moderate 
>400 
CAC 
(n=21) 
High 
Risk Level   
(baseline) 
! !X 
! SD 
! Range 
1-4 
 
 
2.68 
0.67 
1-4 
 
 
 
2.52 
0.55 
2-4 
 
 
2.50 
0.74 
1-4 
 
 
2.88 
0.63 
2-4 
 
 
2.88 
0.70 
2-4 
 
 
2.62 
0.67 
1-4 
Risk Level  
(3 month) 
! !X 
! SD 
! Range 
1-4  
 
 
2.5 
0.71 
1-4 
 
 
2.17 
0.64 
1-4 
 
 
2.46 
0.64 
1-4 
 
 
2.44 
0.66 
       1-4 
 
 
2.84 
0.63 
2-4 
 
 
2.81 
0.87 
1-4 
 
A repeated measures ANOVA analysis was conducted. Results indicated that on 
average there were significant differences in risk perception from baseline to three month 
follow up: time, F(1,165) = 5.58, p=0.02. There was a significant difference between the 
five CAC groups F(4,165) = 4.68, p<0.001 along with a significant interaction between 
the CAC groups and time, F(4,165) = 4.2, p=0.003. Contrasts indicated that risk 
perception significantly decreased only within the mild risk (11-101 CAC) group 
(p<0.001). See Figure 9. 
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Figure 9. Plot of the Mean Single Item Risk Perception Differences from Baseline to 
Three Month Follow Up Among Five CAC Risk Groups. 
 
 
 
 
 
 
 
! 
* Contrasts indicated that risk perception significantly decreased within 
the mild (11-101 CAC) risk group, p<0.001 at three month follow up. 
 
Analysis of accuracy of risk perception: This single item tool also provided 
information on how accurately the participants identified their risk level for a cardiac 
event: such as a heart attack based on their CAC score. Of the 171 participants that 
completed the single item question at three month follow up, 116 (68%) accurately 
identified their risk level based on their calcium score. Within the group at greatest risk 
for a potential cardiac event (>400), only 24% of the participants accurately understood 
that they were at high risk.  See Table 12. 
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Table 12. Self-reported Risk for Heart Disease or Heart Attack (Range 1-4). 
CAC 
Group 
Total  
N=171 
0  
CAC  
(n=46) 
 
1-10 
CAC 
(n=28) 
11-100 
CAC 
(n=44) 
101-400 
CAC 
(n=32) 
>400 
CAC 
(n=21) 
 
No Risk 
=1 
8   
5% 
5  
11% 
1  
4% 
1  
2% 
0  
 0% 
1   
5%  
Low Risk 
= 2 
85  
49% 
 29 
63% 
14  
50% 
 25  
57%  
9   
28%   
7    
33%   
Moderate 
Risk = 3 
65 
38% 
11  
24% 
12 
 42% 
15   
34% 
19   
60% 
8  
 38% 
High Risk 
= 4 
14   
8% 
 1 
 2% 
 1 
 4% 
3   
7% 
4   
12% 
5   
24% 
        *Shaded areas represent correct identification of risk level based on CAC score. 
Summary of Hypothesis 1 Results 
  Hypothesis 1. was partially supported. Risk perception was operationalized with 
the mean scores on the PRHDS survey and a single item risk tool. The CAC groups were 
analyzed by five CAC risk groups, five percentile risk ranking groups and 0 versus 
positive (1 to >400) CAC scores. Risk perception (PRHDS mean scores) increased 
significantly only within the moderate (101 to 400 CAC) risk group, (p=0.004) from 
baseline to three month follow up. Mean PRHDS scores were also significantly higher 
within the positive (1 to >400) CAC group compared to the 0 CAC group. Risk 
perception as quantified with the single item tool decreased significantly within the mild 
(11-101 CAC) risk group, (p<0.001). Finally, 68% of the sample accurately identified 
their risk for a cardiac event based on their CAC score and 76% were concerned enough 
about their results to follow up with their physician. However, within the highest risk 
group (CAC >400) only 24%, 5 out of 21 members accurately identified their risk as 
high.  
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Analysis of Well-being 
 A second part of Aim 1 was to examine psychological well-being in persons 
informed of their calcium score. 
Hypothesis #2. Persons informed of a CAC score will not have any significant 
differences in psychological well-being (QOL, worry, etc.). This was assessed with the 
QOL Index-Cardiac IV survey and a single item worry question.  
Quality of Life Index-Cardiac IV (QOL). The construct of quality of life was 
operationalized with the Quality of Life Index-Cardiac IV found in Appendix C (Ferrans 
& Powers, 2010). The survey consisted of four subscales: Health and Functioning 
Subscale, Social and Economic Subscale, Psychological/Spiritual Subscale and Family 
Subscale. Internal consistency remained good across both time points. Quality of life 
reliability was ! =0.92 at baseline and ! = 0.96 at three month follow up. The reliability 
for the Quality of Life Index-Cardiac IV and subscales may be found in Appendix J.  
Analysis of QOL by CAC score risk level. The QOL Index mean scores at 
baseline were 23.34 (SD=3.5) and the three month follow up QOL Index mean scores 
were 23.66 (SD=3.84). See Table 13.  
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Table 13. Mean Scores, Standard Deviations and Range Levels of the QOL Index, 
Cardiac-IV Instrument Within Five CAC Risk Groups. 
 
CAC Group Total 
 
N=169 
0  
CAC 
n=45 
1-10  
CAC  
n=28 
11-100 
CAC 
n=44 
101-400 
CAC 
n=32 
>400 
CAC 
n=20 
QOL Index  
(baseline) 
! !X 
! SD 
! Range  
0-30 
 
 
23.34 
3.50 
12-29.8 
 
 
23.67 
3.5 
13.4-29.1 
 
 
23.80 
2.63 
17.5-28.3 
 
 
23.18 
3.57 
12-28.3 
 
 
22.6 
3.86 
14.8-27.5 
 
 
23.3 
3.92 
14.4-29.8 
QOL Index  
(3 month) 
! !X 
! SD 
! Range 
 
 
23.66 
3.84 
9.6-29.7 
 
 
23.87 
3.87 
12-29.7 
 
 
23.86 
2.88 
17-29 
 
 
23.35 
3.82 
11.6-29 
 
 
22.76 
4.57 
9.6-28 
 
 
24.53 
3.72 
14.8-29.5 
 
A repeated measures ANOVA was used to test differences in quality of life 
between the five CAC score risk groups: at baseline and three months follow up. The 
between subjects independent variable was CAC level and the within subject independent 
variable was time with two levels: baseline and three month follow up. The dependent 
variable was the total mean scores of QOL using the QOL Index, Cardiac IV instrument. 
Results indicated that on average there was no significant difference in quality of 
life from baseline to three month follow up: time, F(1,166) = 3.42, p=0.06, nor were there 
significant differences on average between the five CAC groups, F(4,166) = 0.69, 
p=0.60.  Furthermore, there was no interaction, F(4,166) = 0.81, p=0.52. See Figure 10. 
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Figure 10. Plot of the Mean QOL Index-Cardiac IV Score Differences from Baseline to 
Three Month Follow Up Among Five CAC Risk Groups. (N=169). 
 
 
Analysis of QOL Index-Cardiac IV by percentile risk group. An analysis of 
the total QOL Index-Cardiac IV was conducted using groups derived from their 
percentile ranking. Results indicated that on average there was no significant difference 
in quality of life from baseline to three month follow up: F(1,166) = 2.23, p=0.14. On 
average, there was no significant difference between the five CAC groups, F(4,166) = 
2.45, p=0.05.  No interaction was noted, F(4,166) = 01.14, p=0.34.  
Analysis of QOL Index-Cardiac IV by 0 versus positive (1 to >400) CAC 
score. An analysis of the total QOL Index-Cardiac IV was conducted to compare scores 
between the participants with a 0 CAC score with those that had a positive (1 to >400) 
CAC score. Results indicated that on average there was no significant difference in 
quality of life from baseline to three month follow up:  F(1,169) = 1.47, p=0.23, nor were 
there differences on average between the two CAC groups: F(1,169) = 0.49, p=0.48. No 
interaction was noted between time and CAC groups, F(4,166) = 0.06, p=0.81.  
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Worry. Worry may skew QOL perceptions and was measured to increase validity 
of the QOL findings. The construct of worry was represented with a 10 point Likert scale 
on question #19 on the baseline form and question #14 on the three month follow up. 
Participants were asked, “Are you worried about your calcium score results? Please circle 
the number that most represents your level of concern”. The responses ranged from (1) 
“not at all worried” to (10) “extremely worried”. The questions may be viewed on the 
demographic baseline form and follow up form within Appendix C. Reliability was not 
analyzed on this single item tool. The mean worry score at baseline was 4.52 (SD=2.23) 
and the three month follow up mean worry score was 3.27 (SD=2.37). The mean single 
item risk perception scores across groups at both time points are displayed in Table 14. 
Table 14. Mean Scores, Standard Deviations and Range Levels of the Worry Tool Within 
Five CAC Risk Groups (N=171). 
 
CAC Group Total 
N=171 
0 CAC 
(n=44) 
1-10 
CAC 
(n=29) 
11-100 
CAC 
(n=44) 
101-400 
CAC 
(n=33) 
>400 
CAC 
(n=21) 
 
Worry 
(baseline) 
! !X 
! SD 
! Range 
1-10 
 
 
4.52 
2.3 
1-10 
 
 
4.23 
1.97 
1-7 
 
 
3.76 
2 
1-8 
 
 
5 
2.4 
1-10 
 
 
4.91 
2.61 
1-10 
 
 
4.5 
2.34 
1-8 
Worry (3 
month) 
! !X 
! SD 
! Range 
 
 
3.27 
2.37 
1-10 
 
 
1.64 
1.56 
1-8 
 
 
2.4 
1.6 
1-8 
 
 
3.95 
2 
1-8 
 
 
4.4 
2.3 
1-9 
 
 
4.8 
3.14 
1-10 
 
A repeated measures ANOVA was used to test differences in worry levels 
between the five CAC score risk groups: at baseline and three months follow up. The 
between subjects independent variable was CAC level and the within subject independent 
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variable was time with two levels: baseline and three month follow up. The dependent 
variable was the worry levels.  
Results indicated that on average there were significant differences in worry 
levels from baseline to three month follow up: time, F(1,166) = 22.58, p<0.001. Worry 
mean scores were lower at three month follow up compared to baseline scores. On 
average there were significant differences between the five CAC groups:  F(4, 166) = 
9.36, p<001. At three months after being informed of the CAC scores, as CAC group risk 
level increased so did worry levels. However, they remained lower than baseline levels in 
all of the groups except the highest (>400) CAC risk group. There was also a significant 
interaction: time, F(4,166) = 4.91, p = 0.001. Contrasts indicated worry levels decreased 
significantly in three groups: normal (0 CAC) risk group, p<0.001, low (1-10 CAC) risk 
group, (p=0.01) and mild (11-100 CAC) risk group, p=0.01. See Figure 11. 
Figure 11. Plot of the Mean Worry Score Differences from Baseline to Three Month 
Follow Up Among Five CAC Risk Groups (N=171) (Range 0 to 10). 
 
*Contrasts indicated that the significance was: normal (0 CAC) risk group, 
p<0.001, low (1-10 CAC) risk group, p=0.01 and mild (11-100 CAC), p=0.01 
risk group. 
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Summary of Hypothesis 2 Results 
In summary, Hypothesis 2. was supported with surprising findings. Psychological 
well-being was operationalized with the Quality of Life Index-Cardiac IV and a worry 
tool created for this study. The CAC groups were analyzed by five CAC risk groups, five 
percentile risk ranking groups and 0 versus positive (1 to >400) CAC scores. Mean scores 
from the QOLI remained unchanged from baseline to three month follow up. However, a 
surprising finding was that worry levels decreased from baseline across all groups except 
the highest CAC risk group (>400).  This suggests that well-being remained unchanged, 
although worry decreased in all groups except for those with the highest CAC score. 
Analysis of Health-promoting Behaviors 
 The third part of Aim 1 was to examine health-promoting behaviors in persons 
informed of their CAC score. 
Hypothesis 3. Persons informed of a higher CAC score will initiate more 
behavior changes (smoking cessation, medication adherence, etc.) than persons with a 
lower CAC score. 
Health-Promoting Lifestyle Profile Tool (HPLP II). The construct of health 
promoting behaviors was operationalized with the HPLP II found in Appendix C (Walker 
& Hill-Polerecky, 1996). The survey consists of six subscales: Health Responsibility, 
Physical Activity, Nutrition, Spiritual Growth, Interpersonal Relations and Stress 
Management. The survey consists of 52 items that utilize a Likert scale with responses 
from (1= never, 2= sometimes, 3= often, 4= routinely). Higher scores represent greater 
health promoting behaviors. Scores are reported as a mean of the 52 Likert answers 
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(ranging between 1 to 4). Internal consistency remained good across both time points and 
subscales, ranging from 0.77 to 0.94. The reliability for the HPLP II instrument. may be 
found in Appendix J.  
Analysis of HPLP II by CAC risk level. The total HPLP II mean scores at 
baseline were 2.6 (SD=0.42) and at three month follow up HPLP II mean scores were 2.7 
(SD=0.44). Across all five CAC risk groups mean scores increased. See Table 15.  
Table 15. Mean Scores, Standard Deviations and Range Levels of the HPLP II 
Instrument Within Five CAC Risk Groups. 
 
CAC Group Total 
 
N=174 
0  
CAC 
n=46 
1-10 
CAC 
n=29 
11-100 
CAC 
n=45 
101-400 
CAC 
n=33 
>400 
CAC 
n=21 
HPLP II 
(baseline) 
! !X 
! SD 
! Range 
1-4 
 
 
2.6 
0.42 
1.6-3.4 
 
 
2.63 
0.46 
1.6-3.4 
 
 
2.65 
0.35 
1.9-3.27 
 
 
2.57 
0.37 
1.7-3.3 
 
 
2.48 
0.44 
1.7-3.3 
 
 
2.72 
0.43 
1.8-3.4 
HPLP II  
(3 month) 
! !X 
! SD 
! Range 
 
 
2.7 
0.44 
1.5-3.6 
 
 
2.74 
0.5 
1.5-3.6 
 
 
2.7 
0.35 
1.9-3.37 
 
 
2.7 
0.47 
2-3.65 
 
 
2.63 
0.42 
1.7-3.37 
 
 
2.82 
0.36 
2.25-3.6 
 
A repeated measures ANOVA was used to test differences in health-promoting 
behaviors between the five CAC score risk groups: at baseline and three months follow 
up. The between subjects independent variable was CAC level and the within subject 
independent variable was time with two levels: baseline and three month follow up. The 
dependent variable was the mean health-promoting behavior scores from the HPLP II 
survey. 
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Results indicated that on average there were significant differences in health-
promoting behaviors from baseline to three month follow up: time: F(1,169) =26.4, 
p<0.001. Mean HPLP II scores were higher at three month follow up compared to 
baseline scores. There were no significant differences between the five CAC groups: 
F(4,169), = 1.02, p=0.40. No interaction was noted between time and CAC groups, 
F(4,169) = 0.63, p= 0.64. See Figure 12. 
Figure 12. Plot of the Mean HPLP II Score Differences from Baseline to Three Month 
Follow Up Among Five CAC Risk Groups (N=174). 
 
 
Analysis of the HPLP II by percentile risk group. An analysis of the total 
HPLP II was also conducted using groups derived from their percentile ranking. Results 
indicated that there were significant differences in health-promoting behaviors from 
baseline to three month follow up: time, F(1,169) = 29.9, p < 0.001. Mean HPLP II 
scores were higher at three month follow up compared to baseline. On average there were 
no significant differences between the five percentile groups, F(4,169) = 0.5, p=0.73. No 
interaction was noted between time and CAC groups, F(4,169) = 0.28, p=0.89.  
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Analysis of the HPLP II by 0 versus positive (1 to >400) CAC score. An 
analysis of the HPLP II was conducted between the participants with a 0 CAC score with 
those that had a positive (1 to >400) CAC score. Results indicated that there were 
significant differences in health-promoting behaviors from baseline to three month follow 
up: time, F(1,172) = 23.5, p <0.001. Mean HPLP II scores were higher at three month 
follow up compared to baseline. There were no significant differences between the two 
CAC groups, F(1,172) = 0.32, p=0.57.  No interaction was noted between time and CAC 
groups, CAC groups, F(1,172) = 0.006, p=0.94.  
Smoking cessation behaviors. Smoking status was assessed at enrollment with a 
question, “Do you currently smoke or use tobacco or have you in the past? If so, how 
many packs/day?” At baseline, 21 (12%) of the participants stated that they were current 
smokers, while 60 (35%) stated that they were ex-smokers. 
In addition, the Readiness To Change Scale contained an item that ascertained 
smoking status, “Are you planning to make lifestyle changes in the following areas to 
avoid smoking or using tobacco”? Participants were allowed to select either, (1) “No 
interest in making a change”, (2) “Plan a change in the next six months”, (3) “Plan to 
change doing this”, (4) “Recently started implementing this change”, (5) “Already do this 
regularly (for the last 6 months)”. Participants completed the scale both at baseline and 
three month follow up. The questions may be viewed on the demographic baseline form 
and follow up form within Appendix C. At three month follow up 17 (10%) participants 
stated that they were still smoking, two had reduced their smoking and four had quit 
smoking.  
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Medication usage. Medication use was evaluated at baseline via a question “Do 
you take the following prescribed medications on a regular basis: blood pressure, 
cholesterol, aspirin, not prescribed any of these and other”. Discrete responses were 
either “yes” or “no”. Participants were also asked to, “Please list your medications, 
supplements and or vitamins”.  
At three month follow up the questions were repeated but changed to reflect a past 
tense: “Were you placed on additional medications or were any medications changed? 
Please list”. Respondents checked a yes or no box for each medication: blood pressure, 
cholesterol, aspirin or other followed by a blank line to provide the name of the 
medication. Participants were also asked, “Do you take your medications on a regular 
basis: yes or no”? Finally, “Has your doctor encouraged you to take medications but you 
refused or stopped taking your medications. Please explain”. The questions may be 
viewed on the demographic baseline form and follow up form within Appendix C.  
 Risk reduction medication use increased across all five CAC risk groups at three 
month follow up. Hypertension medication use increased from 76 (44%) to 81 (46%), 
dyslipidemia medication use from 84 (48%) to 106 (61%) and aspirin use from 78 (45%) 
to 92 (53%). Of the participants with a CAC score >10 who most likely required lipid 
medication to reach an LDL goal < 100 mg/dl, 62 (63%) patients were taking lipid 
medication at baseline, while 79 (80%) were taking lipid medication at three month 
follow up. Of those given new prescriptions, 11 had not been on any medications prior to 
their scan. See Table 16.  
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Table 16. Frequency Table for Medication Use Among the Five CAC Groups from 
Baseline to Three Month Follow Up. 
 
CAC Group 
Total (N=174) 
0  
CAC 
n=46 
1-10 
CAC 
n=26 
11-100 
CAC 
n=45 
101-400 
CAC 
n=33 
>400 
CAC 
n=21 
Taking a 
Hypertensive 
Medication 
! Baseline (76) 
! 3 Month (81) 
 
 
 
14 
14 
 
 
 
8 
9 
 
 
 
18 
20 
 
 
 
24 
24 
 
 
 
12 
14 
Taking a 
Dyslipidemia 
Medication 
! Baseline (84) 
! 3 Month 
(106) 
 
 
 
14 
18 
 
 
 
8 
9 
 
 
 
24 
31 
 
 
 
20 
27 
 
 
 
18 
21 
Taking Aspirin 
Medication 
! Baseline (78) 
! 3 Month (92) 
 
 
18 
20 
 
 
9 
9 
 
 
20 
26 
 
 
15 
19 
 
 
16 
18 
  
McNemar’s Chi Square analysis for categorical variables was used to test 
differences in cardiac risk reduction medication usage between baseline and three months 
follow up. Results indicated that hypertension medication usage increased but was not 
significant, time, (McNemar’s x2(1,174) p=0.063. Dyslipidemia medication usage 
increased and was significant, time, (McNemar’s x2(1,174), p<0.001. Finally, aspirin 
usage increased and was also significant, time, (McNemar’s x2(1,174), p<0.001. See 
Figure 13.  
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Figure 13.  Change in the Usage of Three Commonly Prescribed Medications to Reduce 
Risk Factors for Cardiovascular Disease from Baseline to Three Month Follow Up. 
  
 
*Significance (McNemar’s) lipid medication use, p<0.001 and aspirin use,  
p<0.001. 
 
Summary of Hypothesis 3 Results  
Hypothesis 3. regarding health-promoting behaviors was supported. Health-
promoting behaviors were operationalized with the HPLP II survey. Questions were 
created for the purpose of the study to measure smoking status and hypertension, lipid 
and aspirin medication use. The CAC groups were analyzed by five CAC risk groups, 
five percentile risk ranking groups and 0 versus positive (1 to >400) CAC scores. For 
each group analysis, mean scores from the HPLP II increased significantly from baseline 
to three month follow up across the sample. Hypertension medication usage increased 
from baseline to three month follow up but was not significant, while lipid and aspirin 
medication use was significant. Finally, 29% of the previously smoking participants 
reported reduction in smoking levels. 
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Analysis of Aim 2 
Analysis of Predictors of Health-promoting Behaviors  
Aim #2. was to determine the most significant predictors of health promoting 
behaviors in persons informed of a CAC score. This was assessed with the CAC score, 
PRHDS T2 mean scores, QOL Index-Cardiac Version IV T2 mean scores, worry 
question #14 at three month follow up T2 mean scores, Benefits Scale T2 mean scores 
and Barriers Scale T2 mean score. The PRHDS, QOL Index-Cardiac IV, worry question 
have been described previously. Higher CAC scores indicate greater levels of subclinical 
atherosclerosis and greater risk for a cardiac event. Higher scores on the Benefits Scale 
indicate greater levels of perceived benefits of behavior change, while higher levels on 
the Barriers Scale indicate greater levels of perceived barriers. The dependent variables 
were the HPLP II T2 mean scores. 
 Hypothesis. The stronger predictors of health promoting behaviors will be 
CAC score, risk perception, perceived barriers and worry compared to perceived benefits 
of behavior change and positive perceptions of quality of life. 
 CAC score. CAC has been discussed previously. However, for the hierarchal 
multiple regression analysis the participants were not divided into five groups but 
analyzed as one linear sample.   
Analysis of the Benefits Scale. The construct of benefits of behavior change was 
operationalized with the 12-item Benefits Scale (Murdaugh & Verran, 1987). Participants 
chose from one of four possible answers from “strongly disagree” to “strongly agree”. 
Scores range from 12 to 48 with higher scores indicating a higher belief in perceived 
benefits for healthier behavior change. Internal consistency remained good at baseline    
!
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! = 0.8 and three month follow up ! = 0.78. The total mean scores at baseline were 39.7 
(SD=5.3). The three month follow up mean scores were 40.4 (SD=4.94). See Table 17.  
A repeated measures ANOVA was used to test differences in the perceived 
benefits of behavior change between the five CAC score risk groups: at baseline and 
three months follow up. The between subjects independent variable was CAC level and 
the within subject independent variable was time with two levels: baseline and three 
month follow up. The dependent variable was the total mean scores of benefits of 
behavior change using the Benefits Scale instrument. 
Table 17. Mean Scores, Standard Deviations and Range Levels of the Benefits Scale 
(Behavior Change) Within the Five CAC Risk Groups. 
 
CAC Group Total 
 
N=171 
0  
CAC 
n=45 
1-10 
CAC 
n=27 
11-100 
CAC 
n=45 
101-400 
CAC 
n=33 
>400 
CAC 
n=21 
 
Benefits 
(baseline) 
! !X 
! SD 
! Range 
12-48 
 
 
39.70 
5.3 
17-48 
 
 
41.02 
4.77 
28-48 
 
 
39.8 
4.8 
29-48 
 
 
40.00 
5.67 
17-47 
 
 
36.85 
5.62 
26-48 
 
 
40.52 
4.6 
32-48 
Benefits  
(3 month) 
! !X 
! SD 
! Range 
 
 
40.40 
4.94 
27-48 
 
 
39.8 
5.0 
30-48 
 
 
42.3 
3.9 
36-48 
 
 
41.24 
4.9 
27-48 
 
 
39 
5.33 
30-48 
 
 
40.40 
4.75 
30-48 
  
Results indicated that on average there were significant differences in perceived 
benefits of behavior change from baseline to three month follow up: time, F(1,166) = 
5.12, p=0.025. The means were higher in the three month follow up compared to baseline 
in most groups. On average there were significant differences between the five CAC 
groups CAC groups: F(4,166) = 2.67, p=0.03. There was also a significant interaction: 
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F(1,166)= 3.32, p=0.01. Contrasts indicated that perceived benefits of behavior change 
significantly increased within the low (1-10 CAC) risk group (p=0.01) and within the 
moderate (101-400 CAC) group (p=0.02). See Figure 14.  
Figure 14. Plot of the Mean Benefits Scale Differences from Baseline to Three Month 
Follow Up Among Five CAC Risk Groups (N=171). 
 
 
*Contrasts indicated that the significance was noted in the low (1-10 CAC) 
risk group, p=0.01 and moderate (101-400 CAC) risk group, p=0.02 at three 
month follow up. 
 
Analysis of the Barriers Scale. The construct of barriers of behavior change was 
operationalized with the 12-item Barriers Scale (Murdaugh & Verran, 1987). Participants 
chose from one of four possible answers from “strongly disagree” to “strongly agree”. 
Scores range from 12 to 48 with higher scores indicating a higher belief in perceived 
barriers for healthier behavior change. Internal consistency remained good at baseline     
! =0.76 and at three month follow up ! = 0.82. The total mean scores at baseline were 
21.42 (SD=4) and at three month follow up mean scores were 21 (SD=4.80). See Table 
18.  
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Table 18. Mean Scores, Standard Deviations and Range Levels of the Barriers Scale 
(Behavior Change) Within the Five CAC risk Groups (N=170). 
  
CAC Group Total 
 
N=170 
0  
CAC 
n=45 
1-10 
CAC 
n=28 
11-100 
CAC 
n=44 
101-400 
CAC 
n=32 
>400 
CAC 
n=21 
 
Barriers 
(baseline) 
! !X 
! SD 
! Range 
12-48 
 
 
 
21.04 
4 
12-29 
 
 
21.5 
4.65 
12-29 
 
 
 
20.61 
3.26 
14-26 
 
 
 
21.90 
4 
12-29 
 
 
 
22.20 
3.55 
15-29 
 
 
 
20.20 
4.3 
12-27 
 
Barriers  
(3 month) 
! !X 
! SD 
! Range 
 
 
21 
4.80 
10-34 
 
 
20.90 
5.13 
10-29 
 
 
 
21.82 
4.46 
12-34 
 
 
21.2 
4.8 
12-31 
 
 
 
21.30 
4.8 
12-29 
 
 
 
19.33 
4.5 
12-26 
 
 
A repeated measures ANOVA was used to test differences in the perceived 
barriers of behavior change between the five CAC score risk groups: at baseline and three 
months follow up. The between subjects independent variable was CAC level and the 
within subject independent variable was time with two levels: baseline and three month 
follow up. The dependent variable was the total mean scores of barriers to behavior 
change using the Barriers Scale instrument. 
Results indicated that on average there were no significant differences in 
perceived barriers of behavior change from baseline to three month follow up: time, 
(1,165) = 1.24, p=0.26. There were no significant differences between the five CAC 
groups: (4,165) = 0.92, p=0.45. No interaction was noted between time and CAC groups, 
F(1,165) = 1.33, p=0.26. See Figure 15. 
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Figure 15. Plot of the Mean Barriers Scale Differences from Baseline to Three Month 
Follow Up Among Five CAC Risk Groups (N=170). 
  
 
Analysis by hierarchal multiple regression. A hierarchal multiple regression 
analysis was run on the three month follow up data to determine the significant predictors 
for health promoting behaviors as measured on the HPLP II instrument. The independent 
variables or predictors examined were the CAC score, PRHDS T2 mean scores, QOL 
Index Cardiac Version IV T2 mean scores, worry question #14 at 3 month follow up T2 
mean scores, Benefits Scale T2 mean scores and Barriers Scale T2 mean scores. The 
dependent variables were the HPLP II T2 mean scores. In a hierarchal analysis, variables 
that are entered first are based on importance as noted from the literature review (Field, 
2005). In a stepwise manner the variables were entered one at a time and in consecutive 
order: CAC scores, PRHDS T2 mean scores (risk perception), Barriers Scale T2 mean 
scores (perceived barriers), mean T2 worry levels, Benefits Scale mean T2 scores 
(perceived benefits) and QOL Index T2 mean scores (quality of life) while being 
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evaluated for model fit. Non-significant variables were removed from the model and only 
significant variables retained. See Table 19.  
Table 19. Hierarchal Multiple Regression Analysis Using Three Month Follow Up 
Variables to Predict Health Promoting Behaviors. 
 
 
Variable 
 
Standardized Coefficient 
Beta 
 
 
Significance 
 
 
CAC 
 
0.047 
 
0.54 
 
Risk Perception (PRHDS) 
 
-.06 
 
0.25 
 
Barriers 
 
-0.41 
 
<0.001 
 
Worry Level 
 
0.7 
 
0.31 
 
Benefits 
 
0.1 
 
0.15 
 
Quality of Life 
 
.44 
 
<0.001 
!Dependent Variable: HPLP II total at three month follow up. 
*Significant predictors were barriers, ß= - 0.41, p<0.001 and QOL, != 0.44, p<0.001. 
 
The final regression model consisted of only two significant variables: perceived 
barriers and quality of life. Perceived barriers had a negative impact, as perceived barriers 
increased, health-promoting behaviors decreased, b= -0.04, ! = -0.41; p<0.001. 
Conversely, quality of life had a positive impact, as quality of life increased so did 
health-promoting behaviors, b- 0.05, != 0.44, p<0.001. An examination of the 
standardized betas showed that perceived barriers was a more powerful predictor than 
quality of life on predicting health-promoting behaviors. CAC scores, PRHDS, worry 
levels and perceived benefits from three month follow up mean scores were not 
associated with health-promoting behaviors. See Figure 16.  
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Figure 16. Final Parsimonious Model of the Strongest Predictors of Health-  
promoting Behaviors. 
 
Summary of Hypothesis Results 
The hypothesis of Aim 2. was not supported. The CAC score, risk perceptions, 
worry levels and benefits of behavior change were not found to be significant predictors 
of health-promoting behaviors and did not add to the final parsimonious model. 
Perceived barriers and quality of life were significant predictors. Perceived barriers and 
perceived QOL had similar influence on health promoting behaviors. 
Summary of Qualitative Data 
 Participants provided additional insights regarding their experience of being 
made aware of their CAC score through open-ended questions during the three month 
follow up. The responses are presented within the three categories of interest: risk 
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perception, psychological well-being and health-promoting behaviors. Appendix K. 
contains a list of the most frequently cited responses. 
Risk Perception: Lessons Learned 
Participants were asked, “What is an important thing that you have learned after 
having a heart scan?” Of the participants, 99% (n=172) responded to the item. Most of 
the responses involved the understanding that making lifestyle changes would reduce 
their risk for a cardiac event. For example, 
Even though my score was ok it made me think that my diet and exercise is a 
major factor for the future and it’s never to late to change (female, 60 years old, 
CAC score of 0). 
 
I was struck with concern and fear of my predictable future of illness if I didn’t do 
something about my buildup (female, 67 years old, CAC score of 5). 
 
This is a wake up call. Time to look into all the risk factors (male, 50 years old, 
CAC score of 276). 
 
Initially, I was very worried about it, but not surprised, as there is family history. 
After seeing a cardiologist and passing a nuclear stress test, I am relaxed about it 
and just taking it as a warning to take care of myself. The heart scan is just an 
indication… Further tests help verify your condition (male, 61 years old with a 
CAC score of 625). 
 
Psychological Well-being 
 
Psychological well-being was evaluated through the question, “Can you  
 
describe your experience related to learning your CAC heart score?” Of the 
 
participants, 99% (n=172) responded to the item. 
 
A feeling of relief—a strong motivation for continuing a healthy heart life 
(female, 60 years old, CAC score of 0). 
 
Anger, fear, sadness, resolve (female, 56 years old, CAC score of 81). 
 
Accepting that your vulnerable (female, 63 years old, CAC score of 134). 
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I was concerned and the scan confirmed it. The scan saved my life (male, 62 years 
old, CAC score of 2,736)! 
 
Health-promoting Behaviors 
 
Participants were asked, “What behavior change or changes have you made since 
your scan?” Of the participants, 99% (n=172) responded to the item. Most of the 
participants expressed comments regarding the heart scan as a motivator to help change 
harmful behaviors. 
Diet and increased exercise were the most common behavior changes cited.  
I have started exercising –more, always wanted to, but now do it (male, 60 years 
old, CAC score of 9). 
 
Went to a coronary heart health improvement class and changed the way I eat. 
Now [3 months post scan] have lost 10 pounds so far (male, 59 years old, CAC 
score of 67). 
 
I take my cholesterol medicine now. Try to eat more wheat grains and include 
flaxseed in certain foods. Cut back on my cheeses and eggs (female, 63 years old, 
CAC score of 134). 
 
Barriers to behavior change were evaluated through the question, “What barriers 
have kept you from making needed behavior change or changes?” Most participants cited 
their own attitude as the greatest barrier.  
I am stubborn and not willing to forfeit a good time (male, 49 years old, CAC 
score of 0). 
 
I love to eat foods that are not good for me (male, 52 years old, CAC score of 
107). 
 
Old habits die hard (female, 59 years old,  CAC score of 6). 
 
Finally, a few isolated, yet troubling responses were obtained from the 
participants that should be noted. One smoker used his 0 CAC score as a reason to 
continue smoking. 
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None, I was relieved to hear the results, I did not change my lifestyle for the 
better, if anything I may smoke more (male, 42 years old, CAC score of 0). 
 
Another participant appeared very confused about his results. 
 
I need to reduce my supplemental calcium intake…I feel this is the cause of my 
high score (male, 61 years old, CAC score of 440).  
 
While these responses were rare among the sample, they did indicate a misunderstanding  
 
of their CAC results. 
 
Summary of Qualitative Data 
 Most of the participants appeared to connect risk factor reduction through lifestyle 
changes in order to reduce a worsening of their CAC score. Diet and exercise were cited 
most frequently as the behaviors that they were planning to change.  
Collection of Future Time Point 
 The IRB was approached to seek authorization from the participants to approach 
them at a future date to consider completion of another packet. Of the participants that 
returned a postcard, 115 agreed to be contacted at a later date to consider completing a T3 
packet. 
Summary of Result Findings 
It appears that awareness of a CAC score did have some impact on risk 
perceptions. Risk perception scores were significantly higher in the positive (1 to >400) 
CAC group compared to the 0 CAC group (p=0.045) indicating some understanding of 
the disease. However, when separated into 5 groups, risk perception was not significantly 
changed over time or between groups, except for a significant positive interaction in the 
group with CAC scores of 101 to 400 (p=0.004). Most participants (68%) identified their 
risk category accurately, and 76% were concerned enough about their results to follow up 
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with their physician. However, only 24% in the highest CAC risk (>400) group identified 
their risk as high. Quality of life remained unchanged (p=0.06). Worry levels decreased 
significantly over time in three groups: normal (0 CAC) risk group, (p<0.001), low (1-10 
CAC) risk group, (p=0.01) and mild (11-100 CAC) risk group, (p=0.01). Health-
promoting behaviors increased in all groups over time (p<0.001).  Chi Square 
(McNemar) analysis indicated that risk reduction medication use increased in all groups, 
with significant increase in lipid (p<0.001) and aspirin intake (p<0.001). Responses from 
open-ended questions added validity to quantitative findings. The two strongest 
predictors for health behavior change were the variables perceived barriers (ß = - 0.41; 
p<0.001) and quality of life (ß = 0.44; p<0.001).   
 
!
  
 
CHAPTER FIVE 
DISCUSSION 
Purpose of the Study 
 The purpose of this study was to better understand how the awareness of a CAC 
score altered risk perceptions, psychological well-being and health-promoting behaviors 
in persons at high risk for CVD. Discussion of the study will begin with a description of 
the sample and setting, explanation of the study’s findings and comparison to other 
studies, discussion of the limitations of the current study, and discussion of the 
contributions of this study to the science of nursing. 
Sample and Setting 
Sample 
Previous research that examined the influence of the awareness of a CAC score 
on behavior has been skewed due to a sample collection that was too healthy, with few 
participants with abnormal CAC results, making comparisons difficult to ascertain 
(Lederman et al., 2007; O’Malley, Feuerstein & Taylor, 2003). Thus this study focused 
on insuring a good representation of participants with the presence of CAC scores. 
Efforts to recruit participants across the full spectrum of CV risk paid off. The majority of 
the sample had 3-4 risk factors, with the highest CAC risk groups presenting with 5-6 CV 
risk factors. The challenge of recruiting participants into the highest risk group are 
119 
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noteworthy, as fewer participants are found to have the higher scores. The EISNER study 
found that 42% of participants had a 0 CAC score, 31% had a CAC score between 1 and 
99, 17% between 100 and 399 and only 11% of their participants had a CAC score >400 
(Rozanski et al., 2011). 
Many participants were self-referred (44%) for the CAC scans and took 
advantage of the $25 reduced cost in February. It is not known whether this reduction in 
cost altered the make-up of the sample. The first half of the sample paid the full $120 
price while the other half paid $25. Perhaps the participants who paid the higher cost 
were more motivated toward health-promoting behaviors than the participants who paid 
less. 
By February in the data collection period the imaging center staff were informing 
the investigator of the CAC scores before potential participants were approached about 
the study. The majority of individuals scanned during this time had normal or low CAC 
scores. Since enough participants had already been recruited to those low risk categories, 
these individuals were not approached. One wonders if the “self-referred group of low 
risk individuals “ were at all different from the other participants already recruited. 
Further, since the sampling strategy changed when the price was discounted, most of the 
participants with positive CAC scores were recruited when the cost was $25. 
 It took eleven months of recruitment to obtain 21 participants with CAC scores 
>400. Due to price competition from another hospital, persons obtaining a CAC scan at 
the center plummeted. No other patients were available to recruit with scores >400. In 
addition, staff changes at the center made enrollment more challenging. It was decided 
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that 21 participants within the highest risk group would be adequate for analysis and 
enrollment was ended. 
The study sample was highly educated, financially sound with good access to 
healthcare, which controlled for the confounding influences of lack of education, 
socioeconomic depravity and poor healthcare access. One would expect this highly 
educated sample to understand the risk factors for CVD and the steps needed to reduce 
their risk for a cardiac event. However, knowledge of CVD was not measured within this 
study. Future researchers should examine whether a highly educated group such as this 
one truly understand the importance of reducing their risk factors for CVD.  
Setting 
The imaging center where the study was conducted was privately owned and 
managed by a radiologist who specialized in mammography, but provided a variety of 
other radiologic tests and procedures. The only cardiac imaging done was the non-
contrast CAC scans. As previously described, patients were telephoned with their results 
within 24 to 48 hours by a radiology center nurse. The conversations were brief, lasting a 
few minutes. Patients were referred to their healthcare provider for follow up. Some 
physicians requested that the results be mailed directly to their office, bypassing the 
imaging center nurse call. Previous research had been done in major medical centers with 
highly trained staff that disseminated the results. (Kalia et al., 2006; O’Malley, Feuerstein 
& Taylor, 2003; Orakzai et al., 2008; Rozanski et al., 2011; Sandwell et al., 2006; Wong 
et al., 1996). Kahlia et al. have argued that away from the major medical centers the 
impact from the awareness of a CAC score would be diminished. This setting provided 
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insight into how the information was being perceived within the real world of everyday 
practice.  
Discussion of Aim 1 
Risk Perception 
 It was hypothesized that the awareness of a CAC score would alter risk 
perceptions. Recall from Chapter I (Table 1.) that a score between 1 and 10 represents 
very low risk for a stenotic lesion or cardiac event (NCEP III, 2001). But these 
individuals are still encouraged to maintain a healthy lifestyle that prevents the 
development of atherosclerosis. Scores between 11 and 100 represent a mild risk for a 
stenotic lesion. However, these CAC scores >10 are considered an automatic risk 
equivalent equal to a FRS of ! 20% (i.e., 20% chance of having a cardiac event in the 
next 10 years). Thus risk factors need to be treated aggressively in this group with 
lifestyle modifications and or medications to prevent a worsening of atherosclerosis. The 
CAC scores >100 represent clinically significant atherosclerosis and an indication for 
“aggressive risk factor management” (AHA, 2011, p.e60) in addition to additional testing 
to rule out a potential ischemic lesion. Finally, a score >400 is considered high risk, 
requiring aggressive risk factor control and follow-up diagnostic evaluation (AHA, e61). 
Moreover, all patients needed at least three significant risk factors for CVD as an entry 
criteria for this study. Risk perceptions were quantified with a single item risk tool 
generated for this study and the Perception of Risk of Heart Disease Scale (PRHDS) 
instrument (Ammouri & Neuberger, 2008). 
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Accurate risk perception. When participants within this sample were asked to 
identify their specific risk category, 68% (n=116) identified their risk category 
accurately. Of the overall participants, 76% (n=133) were concerned enough about their 
results that they followed up with their physician. They seemed to understand their risk 
gleaned from the awareness of their CAC score and the actions needed to reduce their 
risk.  
This is a wake up call. Time to look into all the risk factors (male, 50 years old, 
CAC score of 276). 
 
Accepting that your vulnerable (female, 63 years old, CAC score of 134). 
PRHDS instrument. The participants were assigned to two groups for analysis: 
those members with 0 CAC scores and those members with positive (1 to >400) CAC 
scores. The mean PRHDS risk perception scores were significantly higher in the positive 
(1 to >400) CAC group compared to the 0 CAC group (p=0.045) indicating an 
understanding of the disease. When dividing the participants further into five risk 
categories based on their CAC score, some interesting results were noted. Surprisingly, 
risk perceptions were significantly increased from baseline to three month follow up only 
within one group; the moderate risk (101-400 CAC) group, (p=0.004). However, it 
should be pointed out, while the change in this group was statistically significant, the 
clinical significance of their small change in risk perception (three points) needs to be 
considered.  
While risk perception remained unchanged among most groups, it is possible that 
the perception of risk on the PRHDS instrument was accurate at baseline (mean PRHDS 
score of 56.45). The participants were older with a mean age of 58.5 and knew that they 
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had three or more risk factors that led them to seek out the CAC scan to evaluate for any 
presence of atherosclerosis. Interestingly, a study of 300 healthy adults with a mean age 
of 32.5 years old reported a lower mean PRHDS score of 43 (Ammouri, Neuberger, 
Mrayyan & Hamaideh, 2010). The difference between the two groups would be expected 
as the older sample had greater risk factors. 
The other explanation for the lack of change in risk perception over time has to do 
with the three month time period. As will be discussed later, it is possible that risk 
perception did increase in more of the higher risk CAC groups, yet dissipated by the three 
month measurement period. While it was clear that something motivated the majority of 
these participants to follow up with their physician post scan, if risk perception was 
enhanced, it was not captured within the results of the PRHDS instrument. 
Inaccurate risk perception. Disappointingly, 33% of the overall study 
participants perceived their risk category inaccurately. Most troubling was that 76% 
within the highest (CAC >400) risk group did not perceive their risk for a cardiac event 
as high. Clearly, the study participants (n=21) within this risk group were indeed at high 
risk, two members had coronary artery bypass graft surgeries.  
These findings are supported by other researchers. Sandwell et al. (2006) found 
that after six months following a CAC score, 92% of their sample recalled their risk 
category accurately but within the highest group, only 27% identified their risk as high. 
Croyle et al. (2006) randomized their sample to one, three and six months follow up. 
They found that when given simple lipid results, of those members within the highest risk 
group, across all time points, 55% remembered their risk category lower than actually 
obtained.  
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In addition, risk perceptions captured on the single item risk tool indicated that 
risk perceptions were lower within the (11-101 CAC) risk group. Recall that a CAC score 
>10 is a risk equivalent for CHD (NCEP III, 2001). It wasn’t clear whether or not this 
group understood their risk appropriately. There are various explanations that may have 
led to these findings. The next section will describe three possible explanations for this 
inaccuracy: fear, the asymptomatic nature of atherosclerosis and the clean bill of health 
mentality. 
Fear. One possible explanation may lie in the level of anxiety that a high CAC 
score induces. Several researchers noted that a great deal of fear and anxiety following 
abnormal results leads to a denial of the existence of the health threat (Croyle et al., 2006; 
Kehler et al., 2008; Moore, Kimble & Minick, 2010; Oliver-McNeil & Artinian, 2002; 
Persson & Friberg, 2009; Shaw, Abrams & Marteau, 1999). Maddux and Rogers (1983) 
added another dimension to denial behaviors. They cautioned that if the health threat was 
too intense within someone who lacked self-efficacy to engage in the healthier behavior, 
there could be an exacerbation of the harmful behavior.  
Perhaps when faced with a high abnormal CAC score participants may look for 
ways to reduce their anxiety. While a little bit of fear may be a motivator, too much fear 
may have an adverse effect and lead to the denial of the seriousness of the disease. This 
denial mechanism may have occurred within this study as well. Of the highest risk group, 
95% followed up with a physician while 52% had follow up stress testing which was 
non-obstructive. It is likely that they also may have believed that due to the asymptomatic 
nature of atherosclerosis and a normal stress test that their risk had decreased as well. A 
comment from one participant supported this conclusion: 
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Initially, I was very worried about it, but not surprised, as there is family history. 
After seeing a cardiologist and passing a nuclear stress test, I am relaxed about it 
and just taking it as a warning to take care of myself. The heart scan is just an 
indication… Further tests help verify your condition (male, 61 years old with a 
CAC score of 625). 
 
Asymptomatic nature of atherosclerosis. Another possible explanation for the 
unchanged risk perception may lie within the asymptomatic nature of atherosclerosis, 
which may have thwarted accurate risk perception. It is well documented that a barrier 
for medication adherence to hypertension and dyslipidemia medication is the silent nature 
of the disease process. Qualitative researchers found that women post a cardiac event 
believed that their problem was fixed, since they were asymptomatic following their 
angioplasty or CABG (Moore, Kimble & Minick, 2010). The women did not view 
coronary artery disease as a chronic problem. The theme that emerged from their data 
was out of sight out of mind.  
Clean bill of health mentally. Finally, a word of caution is needed when 
interpreting 0 CAC results. It is dangerous to ignore abnormal risk factors even in the 
face of a normal (0 CAC) scan. Participants may falsely view their results as a clean bill 
of health and rationalize continuing in harmful behaviors. Atherosclerosis is not a static 
process. This sample had ! 3 major risk factors for CAD. 
 Until recently a negative score was to thought to carry a very high negative 
predictive value of 99% in many studies (Oudkerk et al., 2008). However, more sensitive 
CT imaging using contrast from the CONFIRM (Coronary CT Angiography Evaluation 
for Clinical Outcomes) revealed that of those with a 0 CAC score: 3.5% had a stenosis 
>50% and 1.4% had a stenosis >70% (Villines et al., 2011). It was not reported whether 
their participants with a 0 score were smokers. Smoking is known to exacerbate the 
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atherosclerotic process and be of greater concern within a participant presenting with a 0 
CAC score. Further, conversion from a 0 CAC score to a positive CAC score may occur 
within four years (Min, Lin & Gidseg, 2010). Therefore it remains important that risk 
reduction behaviors continue in those with low scores in order to prevent a worsening of 
atherosclerotic disease. Participants must be made to understand that controlling their risk 
factors has a high likelihood of controlling atherosclerotic disease so that a 0 score may 
be retained. One participant within this study clearly expressed the deleterious effect of 
being told that he had a normal scan with a 0 CAC score, when asked about his changes 
that he had made in his smoking behavior: 
None, I was relieved to hear the results. I did not change my lifestyle for the 
better, if anything I may smoke more (male, 42 years old, CAC score of 0). 
 
A more appropriate understanding of a normal 0 CAC score was made by a female  
 
participant. 
 
Even though my score was ok it made me think that my diet and exercise is a 
major factor for the future and it’s never to late to change (female, 60 years old, 
CAC score of 0). 
 
Other explanations for the behaviors observed. Other variables may provide an 
explanation for the results observed: timing of the peak in risk perceptions, radiology 
technologist feedback, the nurse consultation, risk information given to the patients, 
physician follow up, patient barriers, measurement instruments and sample size.  
Timing of peak in risk perceptions. First, it is possible that risk perceptions 
peaked the week or two following the scan and were already dissipating at the follow up 
time measured at three months. Shaw, Abrams & Marteau (1999) found that when 
confronted with a health threat, anxiety peaks within 4 weeks then dissipates and is gone 
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at one year suggesting that perhaps the peak in anxiety and risk perception from the 
awareness of an abnormal CAC score was missed. The author of the PRHDS instrument 
(Ammouri) was contacted for her insight into possible explanations for the outcomes 
observed within this study. She questioned whether the results of the scan could alter risk 
perceptions, “I think the three month period is very short to change one’s perception of 
risk…perception of risk is a construct that develops through the years of experiencing 
cognitive, perceptual, and environmental factors”. The author did not provide results 
from other studies that utilized the PRHDS instrument. Future research should include 
measurements one to two weeks following the CAC scan to ascertain whether or not risk 
perceptions do peak earlier post scan and then return to baseline. 
Radiology technologist feedback. One issue that arose during this study involved 
a technologist who provided CAC information periodically to some participants. When 
patients asked what the test would show, she said, “I have seen the scores range from 0 to 
2,000”. It is possible that participants recalled this statement which allowed them to 
minimize their results.  
 RN result consultation. Another possible explanation may lie within the result 
consultation delivered by the imaging nurses. The participants may not have understood 
the relationship between their risk factors, the progressive nature of the atherosclerotic 
disease process and the relationship with their CAC score. The brief explanation provided 
by the imaging nursing staff may have been too short to convey risk information clearly. 
One would expect that this study’s imaging center nurses had additional training 
regarding risk factors and result consultation related to a CAC score. But it is possible 
that these nurses’ primary focus was on other imaging procedures and protocols. Result 
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consultation may have been a very secondary part of their role. This investigator learned 
that the nurses were unaware of the National Lipid Association nor the Preventive 
Cardiovascular Nursing Association (PCNA), leaders in primary, secondary and tertiary 
prevention of CVD. It suggests a possible knowledge deficit in risk factor management 
by the imaging nurses. Or perhaps the nurses had appropriate risk factor knowledge but 
the brief nurse consultation may not have provided enough time for information exchange 
that could alter risk perceptions. Future research should measure the participants’ 
knowledge of risk factor information to determine how much was actually retained.  
 Risk information given to patients. The imaging nurses also provided the 
participants with risk information based on CAC score and also on the CAC score plus 
age and gender (percentile ranking system). A participant could have a relatively low 
CAC score but it may still place him or her at high risk due to the age at which the score 
is presenting. For an example, a 55 year old female with a CAC of 55 would have a mild 
risk (i.e., CAC score falls between 11-100 CAC) for a cardiac event according to the 
Agatston system (Agatston et al., 1990) but would have a greater than >90% percentile 
ranking. Compared to other women within her age group, 90% would have a lower 
amount of CAC. It indicates that the atherosclerotic disease process is occurring faster 
than most other 55 year old women. Anyone with percentile rankings >75% require 
aggressive risk factor reduction strategies (AHA, 2011). Both risk systems were 
presented to the participants, which may have led to confusion about their risk and biased 
the findings. 
Physician follow up. Another possible explanation for the lack of significance in 
risk perception may have involved the physician follow up. Within the overall sample, 
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133 (76%) of the participants followed up with their healthcare provider. The technology 
is still relatively new. Perhaps, the physician risk counseling following the CAC was 
inaccurate or misleading. Houston-Miller et al. (1997) found that physicians cited lack of 
training, time, and reimbursement as common barriers for lifestyle counseling. If 
physicians lack confidence to counsel patients on standard lifestyle strategies to reduce 
risk factors, perhaps the nuisances of a new technology were beyond their perceived 
scope of practice as well.  
Patient barriers. Even if physicians are skilled and have time to counsel patients, 
the barriers may lie within the patient. After 5 minutes, patients remember only half of 
what was said (Clark, Becker & Shumaker, 1998). A didactic approach rather than a 
patient centered motivational interviewing style may impair understanding and memory. 
Participants are fearful of wasting their physician’s time, do not wish to appear ignorant 
and embarrassed about their harmful behaviors and thus may chose not to openly discuss 
their questions and concerns with their physician (Kehler et al., 2008; Ockene et al., 
2002). Moore, Kimbel and Minick (2010) found that women were not only fearful of 
reliving a cardiac event but did not feel comfortable with their relationship with their 
physician, which hampered discussion. Participants may have left their physician’s office 
unclear about their risk for a cardiac event based on their CAC score.  
Measurement instrument. Researchers must always consider the validity of the 
instrument being used to capture the construct of interest when unexpected findings 
result. To date little research had been done to measure risk perceptions following the 
awareness of a CAC scan. In part few instruments exist to capture the influence of the 
latent variable of risk perception. In addition, the PRHDS instrument has not been used in 
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other studies for comparisons to be made. While the PRHDS instrument performed well 
with good reliability, it did not discriminate across the five CAC risk groups as predicted. 
Sample size. Finally, only 21 participants were recruited into the highest risk 
group (CAC>400). It is possible that the small sample size may have contributed to the 
lack of significance in the findings. It was hypothesized that those participants with 
higher CAC scores would perceive higher risk and be so moved (i.e., responding to cue 
or trigger) to take greater action to reduce their risk. Unfortunately, within this study 
sample only the 100-400 CAC group significantly increased their risk perceptions from 
baseline to three month follow up. However, those changes were small and may not have 
been clinically relevant. 
Psychological Well-being 
 Critics of CAC screening have argued that the awareness of a CAC score may 
alter psychological well-being. To date, quality of life (QOL) has not been measured 
following the awareness of a CAC score. The ACCF/AHA 2007 Clinical Expert 
Consensus Document on Coronary Artery Calcium Scoring (Greenland et al., 2007) 
requested that future CAC research should obtain QOL data. Following those 
recommendations, this study used the Quality of Life Index-Cardiac IV instrument 
(Ferrans & Powers, 1985) and a Likert-type worry tool developed for the purpose of this 
study to measure psychological well-being. 
Quality of life. As hypothesized QOL was unchanged following the awareness of 
a CAC score from baseline to three month follow up across all five groups. As noted by 
the mean scores of 23 (range 0-30), this sample had good QOL perceptions at baseline. 
That finding was not surprising. One would expect that within a community with higher 
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education, financial stability and access to good health care, QOL might be higher. Other 
researchers used the QOL Index- Cardiac IV instrument to investigate QOL among 716 
participants who were randomized to either a rate control or anti-arrhythmic approach to 
controlling atrial fibrillation (Jenkins et al., 2005). The QOL means remained unchanged 
across six time points echoing the findings from this study. Since this was the first time 
that QOL had been measured using a psychometrically validated tool within CAC 
research, comparisons with other CAC researchers were unavailable. 
One concern that was raised during the study was related to the QOL Index 
instrument. Participants left items blank, more so on this instrument than on any of the 
other ones used. A few participants approached the PI with questions regarding item #28 
“Your faith in God”. They expressed difficultly in answering it when they stated they 
lacked faith in God. Others seemed uncomfortable completing item #12, “Your sex life” 
and left it blank. And finally some may have had difficulty completing item #3, “The 
amount of chest pain (angina) that you have”. The instrument was developed for 
participants who had a cardiac event. Participants within this study were asymptomatic 
and may have been confused by the item. The QOL Index-Cardiac IV instrument 
contained 35 items asking about how satisfied the participants were with each item and 
then repeated with how important were each item. The order of instrument placement 
within each packet was altered to avoid tool fatigue, but the length of the instrument may 
have remained a problem for some participants.  
Worry levels. One aspect of quality of life is worry. Previous research had 
suggested a possible component of worry following the awareness of a CAC score 
(Wong et al., 1996). Further it is well known that increased worry or anxiety leads to 
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decreased behavior change (Fiore et al. 2009; Lett et al., 2005; Rozanski, 2005). 
Therefore worry was measured in this study using a single item asking “Are you worried 
about your calcium score results?” and instructing participants to rate from 1 “not at all 
worried” to 10 “extremely worried”. 
It was hypothesized that worry levels would not change (worsen) following the 
awareness of a CAC score. The mean scores at baseline for the total group were 4.52 
indicating this sample was somewhat concerned about their upcoming CAC scan results. 
Worry levels did not worsen and were significantly lower at three month follow up 
(p=<0.001) especially within the three lowest groups. These participants probably felt 
relieved with their scores, which decreased their worry levels. These results indicate that 
participants can handle the information learned from the awareness of a CAC score 
without resulting in a worsening of their psychological well-being. 
However, these results raise concerns about appropriate risk perception. The 
participants with 11-100 CAC scores are considered to have enough CAC to be a risk 
equivalent of a FRS ! 20% (i.e., 20% chance of having a cardiac event in the next ten 
years), yet their worry levels decreased. The lower worry levels may indicate that they 
did not perceive their amount of atherosclerosis as a potential health threat. Possible 
explanations include some of the reasons previously discussed within the risk perception 
section. The time period may have missed the peak in their worry levels. Participants may 
have perceived that they were given a clean bill of health due to a low score. The 
consultation with the nurse or physician may have left them with an inadequate 
understanding of the progressive asymptomatic nature of atherosclerosis. Or perhaps they 
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felt empowered to take action to reduce the health threat, which also may have lowered 
their worry levels.  
While not significant, worry levels were somewhat lower among the moderate 
risk group (101-400 CAC) and almost unchanged within the highest (CAC >400) risk 
group at three month follow up. Both groups followed up with their physician and nearly 
half had normal stress testing. Perhaps during those appointments the participants within 
these highest risk groups experienced some reassurance regarding their CAC scores, 
which may also have impacted worry levels. In addition, the highest two CAC risk 
groups had previous CAC scans: 101-400 CAC (39%) and >400 CAC (43%). Perhaps 
they already knew that they were at higher risk, which may explain the lack of 
significance that was observed. Future researchers should examine worry with validated 
psychometric instruments.  
Following the knowledge of their CAC results psychological well-being was 
unchanged as hypothesized. QOL was unchanged and worry levels decreased in three of 
the lowest CAC risk groups.  
Health-promoting Behaviors 
 Persons may remain ambivalent about behavior change for many years. However, 
the Health Belief Model (HBM) postulates that as the perception of susceptibility and 
vulnerability (risk perception) increases, barriers are diminished, benefits are perceived 
and if self-efficacy is present, health-promoting behaviors should increase as well. This 
model also postulates that attention to a cue or trigger could then be the stimulus for 
initiating the desired change. This study examined whether the awareness of a CAC score 
could serve as this trigger. For this study, health-promoting behaviors were 
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operationalized by the Health-Promoting Lifestyle Profile II (HPLP II) (Walker & Hill-
Polerecky, 1996). This survey of 52 items used a Likert Scale with responses from (1= 
never, 2= sometimes, 3= often, to 4= routinely). 
The follow up time period of three months was specifically selected to provide 
participants with the opportunity to actually initiate a positive behavior change to reduce 
their risk factors for CVD. It was expected that the higher the CAC risk group, the greater 
the number of individuals engaging in these health-promoting behaviors. Instead there 
were no significant differences noted between the CAC scores risk groups. All had 
slightly higher HPLP II scores at the three month follow up (mean =2.7). While the 
changes were statistically significant, they were small. However, the behavior change 
was in a positive direction.  
While this could be considered a positive finding, results must be viewed with 
caution as the data were only self-report. A possible explanation for this finding is that 
the participants were demonstrating social desirability and wanting to appear responsible 
for reducing their risk status. They may have been reluctant to disclose harmful behaviors 
at the three month follow up. Or they may have been demonstrating a Hawthorne effect 
where the changed behaviors were simply due to participating in the study rather than due 
to a new awareness of risk. However, since the focus of this study was not on actively 
promoting behavior change, but rather on simply recording whether such changes 
occurred, these changes may have occurred as reported. The qualitative data did suggest 
that many participants seemed more motivated to engage in health-promoting behaviors 
following the awareness of a CAC score across all risk groups.  
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Thanavaro et al. (2006) used the HPLP II within a cross-sectional sample of 
women without CHD and found that their means were 2.62. Other researchers used the 
instrument in woman newly diagnosed with CHD, one week post their cardiac event 
(Oliver-McNeil & Artinian, 2002) with resulting mean scores of 2.44. This study sample 
had baseline HPLP II means of 2.6 which mirrored the woman without CHD but higher 
than the women with disease. It indicated that health-promoting behaviors overall are 
engaged in somewhere between (2) “sometimes” and (3) “often”. While this small 
change may not be clinically significant it is a trend toward positive behavior change. 
Smoking cessation data. It was impressive that only 12% (n=21) of the 
participants stated at baseline that they were current smokers. Smoking cessation data 
was acquired through self-report. This study did not differentiate the amount of cigarettes 
smoked. At three month follow up, 17 of the 21 smokers stated that they were still 
smoking, two had reduced their smoking (although didn’t report how much) and four had 
quit. A significant limitation of this smoking cessation data was the manner in which it 
was acquired. Smoking status was assessed directly at enrollment but indirectly at three 
month follow up making comparisons difficult. At three month follow up participants 
were asked “What behavior change or changes have you made since your scan”?  If 
smoking status had changed it was listed. This approach may have biased the findings 
and type II errors may have occurred. Since this behavior is a priority for change, future 
research should include more direct questions regarding smoking status.  
Medication usage. Medications for hypertension, dyslipidemia and antiplatelet 
effects are key strategies utilized to reduce some of the major risk factors for 
atherosclerosis, yet physicians are often slow in prescribing them and patients are often 
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resistant to take them. A 2006 national poll conducted by pharmacists found that 31% 
never filled their prescriptions, 24% took less than what is prescribed and 12% had 
substituted an over-the-counter medication instead of filling the prescription (National 
Community Pharmacists Association, 2006). This study examined whether the awareness 
of a CAC score would enhance medication usage within these three risk factor reduction 
medications. Chi square analysis indicated that the use of both lipid and aspirin 
medication use significantly increased from baseline to three month follow up, which 
reflected positive strategies to effectively reduce cardiac risk. Again a limitation of this 
study was the self-report nature of the data.  
Dyslipidemia medication adherence use. Dyslipidemia is a major risk factor and 
key component of atherosclerotic disease and ultimately calcium deposition within the 
coronary arteries. It is especially important for any person with a CAC score >10 to be 
evaluated and treated with lifestyle modification and medication if needed to obtain an 
LDL goal less than 100 mg/dl (NCEP, 2001). It was expected that the awareness of a 
CAC score would trigger a trip to the physician for a lipid evaluation. Of the overall 
sample, 133 (76%) did follow up with their physician and lipid medication use 
significantly increased from 48% at baseline to 61% at three month follow up.  
By self-report, the overall prevalence of dyslipidemia in this sample was 88% 
(n=154). In reviewing data from those participants with a CAC score >10, who most 
likely required lipid medication to reach an LDL goal < 100 mg/dl, 62 (63%) patients 
were taking lipid medication at baseline, while 79 (80%) were taking lipid medication at 
three month follow up. This is certainly a step in the right direction and the awareness of 
a CAC score may have been the trigger that motivated participants to adhere to their 
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physician’s recommendation and take a lipid lowering medication. However, as 
explained earlier, 100% of this dyslipidemic group should be on medication. It is unclear 
whether this was a failure on the part of the physician failing to prescribe (therapeutic 
inertia), or of the patient not taking the med (nonadherence).   
Aspirin medication adherence use. Low dose aspirin should be administered to 
persons at higher risk for CVD, with Framingham Risk Scores (FRS) of  ! 10% (Pearson 
et al., 2002). It was beyond the scope of this study to calculate FRS. However, it would 
be expected that a sample with ! 3 major risk factors would most likely have a FRS score 
of ! 10%. The number using aspirin at baseline went from 78 (45%) to 92 (53%) at three 
month follow up. Far too many participants within this sample were not taking aspirin. 
Reasons were not explained by the participants. It is possible that they were unaware of 
the importance of aspirin therapy as an antiplatelet to prevent a worsening of the 
atherosclerosis process. Since 76% of this sample did follow up with a physician 
following their CAC score, it would be expected that the efficacy of aspirin was 
discussed. Perhaps therapeutic inertia from the physician was the problem for not 
following the primary prevention guidelines. Future research should examine the possible 
causes for the resistance to aspirin therapy that was observed. 
Hypertension medication adherence use. At enrollment into the study, 66% 
(115) of the overall sample reported they had hypertension. After the CAC scanning and 
reporting of the risk results, hypertension medication use only increased from 76 (44%) at 
baseline to 81 (46%) at three month follow up for this subgroup and the difference was 
not significant. A possible explanation of this finding may lie within the asymptomatic 
nature of hypertension. Perhaps, knowledge deficits precluded the participants from 
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understanding the relationship that hypertension plays in atherosclerosis development and 
calcium deposition within the coronary arteries. Blood pressure was not measured within 
this study. It was difficult from the self-report data to differentiate whether the high blood 
pressure that was acknowledged by the participants was a white coat phenomenon, pre-
hypertension, controlled or uncontrolled hypertension. Future researchers should measure 
blood pressure.  
Discussion of Aim 2 
Predictors of Health-Promoting Behavior 
Engaging in health-promoting behaviors is very difficult. It was hypothesized that 
the strongest predictors from the three month follow up data would be ranked in order of 
the most influential predictors for behavior change: CAC score, PRHDS T2 mean scores, 
QOL Index T2 mean scores, worry tool T2 mean scores, perceived benefits T2 mean 
scores, and finally perceived barriers T2 mean scores. The outcome was the HPLP II T2 
mean scores for health-promoting behaviors. Surprisingly, only perceived barriers and 
QOL were predictors for behavior change.  
Perceived barriers. This study found that perceived barriers was the strongest 
predictor for health-promoting behaviors. As perceived barriers increased, health-
promoting behaviors decreased. The overall sample had a Barriers Scale mean score of 
21 (range 12-29), indicating that there were significant barriers to behavior change, even 
within this educated relatively affluent population. The instrument measured barriers 
such as time pressures, denial of the need to live a healthier lifestyle and the enjoyment of 
unhealthy behaviors. This mirrors the most common barriers cited by the participants 
within this sample: attitude, stress related to work and family issues. See Appendix K. In 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !
! ! !!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!140 
regards to personal attitude it may reflect the denial mechanism previously discussed 
related to the asymptomatic subclinical nature of atherosclerosis. Or the very wealth of 
these participants is a barrier. They can afford to eat out a great deal and consume foods 
higher in fat, sugar and salt, which they enjoy. Finally, one would expect participants in 
this community to have stressful lives juggling many roles and responsibilities, which 
may create barriers to spending time in healthier activities such as exercise. Future 
research should examine perceived barriers in more detail to better understand its’ 
influence on altering health-promoting behaviors. 
Quality of life. Although intuitive that a more positive QOL would enhance one’s 
health-promoting behavior, it was not hypothesized to be one of the strongest predictors. 
If one has a positive outlook and feels good, perhaps one is better able to overcome an 
identified barrier. This sample had relatively high QOL at baseline, with a QOL Index, 
Cardiac IV mean score of 23 on a scale of 0-30. This was unchanged at the follow up 
time point, after learning the outcome of the CAC scan. Further discussion of the QOL 
tool can be found earlier in this chapter. Higher QOL had a positive influence on 
behavior change while higher perceived barriers had a negative effect. Helping patients 
enhance their QOL and decrease perceived barriers may be the key in unlocking the 
resistance to behavior change that has commonly been observed.  
 Future research should examine the relationship between worry and perceived 
barriers and QOL. Perhaps worry is a mediator of health-promoting behaviors. If a 
participant has more worry, perhaps QOL decreases resulting in less health-promoting 
behaviors. Or perhaps if you have more worry, then a participant perceives more barriers 
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as well with poorer QOL resulting in fewer health-promoting behaviors. These questions 
were beyond the score of this study and require future study. 
Non-significant Predictors 
It was unclear why CAC was not a significant predictor for health-promoting 
behaviors. Perhaps the PRHDS mean scores were not significant predictors because risk 
perception changed over time for only one group, the moderate (101-400 CAC) risk 
group, p=0.004. The PRHDS instrument may not have been sensitive enough to capture 
risk perceptions that may have been present. Worry levels were also lower at three month 
follow up suggesting that the participants were not overall worried about their results and 
it was not a motivator for the small behavior change that was observed. The Benefits 
Scale mean scores also did not change from baseline to three month follow suggesting 
that perceived benefits were not a motivator for behavior change. Previous explanations 
may also help to understand the possible reasons for these variables not being significant 
predictors.   
 The open-ended questions provide some validation of concern about CAC 
findings. It was apparent that risk awareness following a CAC score did alter risk 
perceptions among many of the participants although it was not captured within the 
PRHDS instrument. A possible explanation for the difference may lie within the PRHDS 
tool or perhaps the peak of risk perception was not captured within the design of the 
study. For example, participants expressed initial anxiety or shock with the awareness of 
their results followed by resolve to take action to reduce their risk. 
I was struck with concern and fear of my predictable future of illness if I didn’t do 
something about my buildup (female, 67 years old, CAC score of 5). 
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This is a wake up call. Time to look into all the risk factors (male, 50 years old, 
CAC score of 276). 
 
I am a high risk person to get a heart problem. I must do something to lower my 
risk (male, 61 years old, CAC score of 1,843). 
 
I was concerned and the scan confirmed it. The scan saved my life (male, 62 years 
old), CAC score of 2,736)! 
 
Interestingly, the mean scores from the Benefits Scale were high at baseline 39.7  
 
(range 12-48) indicating that this highly educated sample clearly understood the benefits 
 
of healthier behavior. The perceived benefits were unchanged from baseline to three  
 
month follow up. Thanavaro et al. (2006) used a different version of the Benefits Scale  
 
within a study of healthy women at risk for CVD and found that their sample scored high  
 
on the Benefits Scale as well. They also used the HPLP II as the outcome variable. Yet,  
 
despite scoring relatively high on understanding the benefits of behavior change, it was  
 
not found to be a significant predictor of health-promoting behaviors in that study. Their  
 
results were similar to the findings from this study; perceived benefits were not a  
 
significant predictor of health-promoting behaviors. 
 
Conclusion of Research Findings 
 In summary, the key findings from this study that may have relevance within the 
clinical settings are related to risk perception, the accurate interpretation of the CAC 
result, psychological well-being, health-promoting behaviors and the predictors of health-
promoting behaviors. This study enrolled participants who were at high risk for CVD 
based on the presence of ! 3 major cardiac risk factors.  
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Risk Perception 
Participants informed of positive (1 to >400) CAC scores reported significantly 
higher risk perception than those with 0 CAC scores (p=0.045) indicating greater 
awareness of the disease process in the positive (1 to >400) group. Further, these 
participants at higher risk for CVD reported higher mean PRHDS scores at baseline of 
56.46 compared to a younger sample at lower CVD risk who reported mean PRHDS 
scores of 43 (Ammouri, Neuberger, Mrayyan & Hamaideh, 2010). However, within this 
study the PRHDS tool did not discriminate across the five levels of CAC scoring, as 
mean scores remained unchanged except for a significant positive interaction in the group 
with CAC scores of 101 to 400 (p=0.004). This may be due to the long time period in 
which potentially elevated risk perceptions had dissipated, or to the overall accuracy of 
their true personal risk perception throughout the study.  
Accurate Interpretation of the CAC Result 
At three month follow up most participants (68%) accurately identified their risk 
category based on their CAC score and 76% were concerned enough about their results to 
follow up with their physician. However, only 24% in the highest CAC risk group (>400) 
identified their risk as high. Possible explanations for the inaccuracies that were observed 
may have involved a component of fear, the asymptomatic nature of atherosclerosis, a 
clean bill of health mentality or feedback during the technician, nurse or physician 
consultation. 
Psychological Well-being  
Psychological well-being was not affected by scoring. Quality of life remained 
unchanged (p=0.06) and worry levels decreased significantly over time in three groups: 
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normal (0 CAC) risk group, (p<0.001), low (1-10 CAC) risk group, (p=0.01) and mild 
(11-100 CAC) risk group, (p=0.01). In addition, the highest two CAC risk groups had 
previous CAC scans: 101-400 CAC (39%) and >400 CAC (43%). Perhaps they already 
knew that they were at higher risk, which may explain the lack of significance that was 
observed. The participants appeared to cope with their results, which did not alter their 
psychological well-being. 
Health-promoting Behaviors 
 Health-promoting behaviors increased in all groups over time (p<0.001). Chi 
Square (McNemar) analysis indicated that risk reduction medication use increased in all 
groups, with significant increase in lipid (p<0.001) and aspirin intake (p<0.001). 
Responses from open-ended questions added validity to quantitative findings. While 
these behavior changes were statistically significant, they were very small which may not 
be clinically relevant. 
Predictors of Health-promoting Behavior 
The two strongest predictors for health behavior change were the variables 
perceived barriers (ß = - 0.41; p<0.001) and perceived quality of life (ß = 0.44; p<0.001).   
Understanding those variables that impact QOL and perceived barriers may be the key to 
fostering behavior change.    
Schematic of the Variables 
 Key components taken from the HBM were helpful in understanding the findings 
from this study. See Figure 17. Starting on the left, age, gender, ethnicity, personality, 
socioeconomics and knowledge may influence whether or not an individual obtains a 
CAC scan in the first place. Risk awareness gained from the knowledge of a CAC score 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !
! ! !!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!145 
may serve as the cue or trigger to highlight vulnerability or susceptibility to heart disease 
or a heart attack. Additional information about the health threat can move the individual 
towards taking action to reduce the health threat. This study suggests that if perceived 
barriers are reduced and QOL enhanced, health-promoting behaviors are more likely to 
occur. See Figure 17.  
Figure 17. Diagram of the Final Study Variables. 
 
 
 
 
 
Potential Study Limitations 
 There were eight main limitations that may have impacted the validity of the 
study: new PRHDS tool, baseline time issue, sampling changes due to Heart Month, 
radiology technologist issue, consultations uncontrolled, physician versus self-referral, 
self-report and generalizability of the study findings. 
New PRHDS Tool 
 The PRHDS tool was newly developed and had not been tested in other research. 
While baseline PRHDS mean scores were higher in this sample with ! 3 major cardiac 
risk factors and lower in a younger healthier sample, it did not discriminate across all five 
calcium score groups. It is unclear whether or not the PRHDS tool accurately reflected 
true risk perception. 
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Baseline Time Issue 
Early in the study, participants requested that they mail back their baseline 
packets rather than remain on site to complete them. While explicit instructions and 
methods were initiated to ensure that the baseline packets were completed before CAC 
results were known, it is possible that some participants did not comply with the 
instructions. Due to the self-report nature of the data collection there was no way to 
absolutely ensure that the surveys at baseline were completed before CAC results were 
known. 
Sampling Changes Due to Heart Month 
 Bias may have been injected into the process due to the convenient, proactive, 
stratified, enrollment of the sample. Strategic sampling strategies were employed to 
ensure adequate membership within the other four CAC groups. As discussed previously, 
the volume of participants changed dramatically during February Heart Month when the 
normal price for a CAC scan was reduced from $120 to $25. This may have altered the 
motivation of the participants coming into the center for a CAC scan. Prior to this time, 
the enrolled participants had predominantly 0 CAC scores. During the second half of 
enrollment only participants with positive CAC scores were invited to participate in the 
study. These enrollment strategies may have biased the findings. 
Radiology Technologist Issue  
The radiology technologist provided feedback (when asked) sporadically to the 
participants regarding the CAC score ranging from 0 to 2,000 that may have biased their 
risk perception. It is possible that participants recalled this statement, which allowed them 
to minimize their results.  
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !
! ! !!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!147 
Consultations Uncontrolled 
 While the feedback of the imaging nurses followed a script, it was possible that 
the various imaging nursing staff provided different information to the participants that 
may have impacted the participants risk perception. The information provided by the 
healthcare providers was also unknown.  
Physician Versus Self-referral 
 Within this study, 98 (56%) were referred for the CAC scan by their physician 
while 75 (44%) were self-referred. It may be that those participants with the physician 
referral had higher levels of concern at baseline than those participants who were self-
referral.  
Self-report Data 
The greatest threat to internal validity for this study was the self-report nature of 
the data. Many researchers found that participants tend to view their behaviors more 
optimistically than direct measurements would otherwise suggest (Croyle et al., 2006; 
Oka, Katapodi, Lim, Bacchetti & Froelicher, 2006; Oliver-McNeil & Artinian, 2002; 
Sandwell et al., 2006). However, the EISNER randomized control study of 2,137 
participants evaluated risk factors four years after obtaining a CAC score and found 
significant improvements within the group that were made aware of a CAC score 
compared to the group that only received the risk factor counseling without a CAC score 
(Rozanski et al., 2011). Validity was enhanced as the variables were measured: blood 
pressure, lipids, glucose, weight and a FRS calculated.  
Future researchers that investigate behavior outcomes or evidence of risk factor 
control should follow the EISNER CAC study design (Rozanski et al., 2011) example 
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! !
! ! !!
! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!148 
and strive to use biomarkers or data obtained from the medical record, rather than relying 
solely on self-report data. While ideally, laboratory findings and physical assessments 
would have increased criterion validity within this study, the imaging center 
unaccustomed to research would not allow such endeavors. They were concerned about 
taking up space and interruptions with the study that might impact the flow of their busy 
practice.  
Further, since biological assessments were not made at baseline there appeared to 
be little additional value in gathering three month biological data. If obtained, would any 
changes observed truly occur from the influence of the CAC scan or were they already 
present at the time of the scan? Without baseline measurements it would have been 
difficult to ascertain. The technical challenges of collecting accurate laboratory blood 
data outside a standard lab were beyond the realistic scope of the project.  
Generalizability of the Study Findings 
 The sample was drawn from an affluent Midwestern suburb. The sample was 
highly educated, financially sound, with excellent healthcare and abundant opportunities 
to engage in healthier activities. The results may not be generalizable to other less 
affluent samples. 
In summary, this study provided some unique data collection opportunities. The 
imaging center did not provide CAC results for 24 to 48 hours after the scan. This 
provided an excellent opportunity to gather information on risk perceptions, 
psychological well-being, and health-promoting behaviors before and three months after 
the CAC test results were known. This information more than overcomes the limitations. 
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However, a researcher must always remember the potential for bias within a convenience 
sample. 
Implications for Providers 
          The evidence is clear that primary prevention to reduce risk factors for CVD 
works, especially if those at greater risk are identified early. Coronary artery calcium 
scoring is a technology that identifies subclinical atherosclerosis in very early stages. The 
amount of calcium within the coronary arteries is a marker for atherosclerosis (AHA, 
2011). The higher the score, the greater the risk for a future cardiac event (Naghavi et al., 
2006). Nurses working with patients at intermediate risk for CVD who present with a 
FRS between 10% and 20% should encourage their patients to obtain a CAC score. This 
baseline scan will identify underlying subclinical atherosclerosis that needs further 
evaluation and treatment. Within this sample of participants with ! 3 major risk factors 
for CVD, 126 (73%) had positive calcium deposition. While a strategic sampling strategy 
allowed for a higher enrollment of participants with positive calcium, this study 
underscores the importance of obtaining a CAC score to better understand an individual’s 
cardiac risk rather than relying on risk factors alone. 
Interpretation of the CAC Results 
Teachable moment. The picture is worth a thousand words concept describes the 
impact of the teachable moment when individuals are presented with abnormal results of 
asymptomatic subclinical atherosclerosis. It is one thing to have abnormal risk factors 
that may potentiate CVD but far another thing to be confronted with evidence of personal 
damage from those risk factors. Both nurses and physicians should be knowledgeable in 
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interpreting the CAC score results and skilled at motivational interviewing techniques in 
order to take advantage of this brief teachable moment.  
Dissemination of results. The Agatston recommendations are still followed by 
most clinicians working with patients who obtain a CAC score (Agatston et al., 1990). 
See Table 1, p. 8 for a review of the guidelines. The following section will review key 
points when working with patients. The results of patients with normal (0 CAC) risk 
scores, with cardiac risk factors, must be interpreted with caution. This score may give an 
elusion of a clean bill of health mentality and license to continue in harmful behaviors. 
Therefore patients with 0 CAC scores must be made to understand that if risk factors are 
not controlled through lifestyle modification, it will be unlikely that their 0 CAC score 
will remain a 0. Calcium deposition within atherosclerosis is not a static process. It tends 
to progress and worsen over time if risk factors are not controlled. Patients presenting 
with low (1-10 CAC) risk scores must be reminded that the process of atherosclerosis has 
begun. Managing risk factors at this point through lifestyle modification is key to prevent 
a progression of the disease. Patients with mild (10-100 CAC) risk scores are considered 
an automatic risk equivalent equal to a FRS of 20% (NCEP III, 2001). Lifestyle 
modifications alone may not be enough to reach the revised LDL goal of <100 mg/dl. 
Dyslipidemia medications may be needed to prevent a worsening of the disease. Patients 
with moderate (101-400 CAC) risk scores have clinically significant atherosclerosis, 
which represents an indication for aggressive risk factor management (AHA, 2011). 
Budoff, Gopal & Gopalakrishnan (2006) found that only 2% of CAC scores <100 result 
in a stenotic lesion. Therefore CAC scores >100 must be viewed as a higher risk. 
Noninvasive testing may be considered to rule out ischemia. Lifestyle modification and 
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medications to reduce LDL goal to <100 mg/dl. are paramount to prevent a progression 
of the disease and cardiac event. Finally, patients with high (CAC >400) risk scores must 
receive aggressive lifestyle management, risk factor reductions and follow up with 
exercise testing or myocardial perfusion imaging to rule out a significant stenosis (AHA, 
2011). 
This study indicated that there is the potential for patients to become confused 
regarding their risk category provided by an Agatston CAC score (Agatston et al. 1990) 
or a percentile ranking system that accounts for CAC score plus age and gender. Still it is 
important to provide patients with both categories. A CAC score within a young person is 
far worse than within an older person as atherosclerosis progresses with age. It indicates a 
vulnerability to perhaps a more aggressive escalation in atherosclerotic disease. 
Aggressive treatment is needed to lower CAC scores within participants who rank >75% 
when compared to others of the same gender and age. Far too much remains unknown 
about the progression of atherosclerosis to rely on risk factors alone or feel secure within 
that scenario. Nurses and physicians should report both the CAC score and percentile 
ranking when counseling patients to ensure an accurate understanding of their overall risk 
for CVD. 
Psychological Well-being 
Nurses must remember that initially patients may become anxious when told 
about their abnormal CAC scores, especially those found to be at higher risk (CAC >400) 
for a stenotic lesion. They need reminding that this is a screening tool and evidence of 
subclinical atherosclerosis. Follow up stress testing will determine whether or not the 
amount detected on the scan is causing a stenotic lesion. Normal follow up testing among 
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patients with high scores may cause some frustration leading them to conclude that the 
test was inaccurate at representing their underlying atherosclerotic disease. However, 
calcium within a coronary artery remains a surrogate marker for atherosclerosis (AHA, 
2011). Skillful result counseling is needed to ensure that patients clearly understand their 
risk and more importantly take the steps that are needed to prevent the disease from 
progressing into a cardiac event. Within the CAC group (>400) at highest risk, two (10%) 
of the participants had a cardiac event (CABG). Risk for a stenotic lesion increases as 
subclinical atherosclerosis (CAC score) increases (AHA). It is also reassuring to 
healthcare providers that while comments from many of the participants indicated some 
anxiety initially when given their abnormal results, by three month follow up quality of 
life was unchanged and worry levels were lower in most groups. 
Predictors of Health-promoting Behaviors   
Quality of life. This study identified QOL as a significant predictor for those who 
engaged in health-promoting behaviors. While QOL was not changed within this sample, 
it underscores the importance of assessing for variables that may alter QOL. Rozanski 
(2005) found that when depression was present, health-promoting behaviors diminished. 
Nurses should follow the American Heart Association’s depression recommendations 
using the two item Patient Health Questionnaire (PHQ-2) (Lichtman et al., 2008). Nurses 
should inquire about a patient’s QOL and explore how QOL might impact their attitudes 
about behavior change. 
Perceived barriers. Perceived barriers were also powerful predictors of health-
promoting behavior. Patients are reticent to openly discuss their questions, concerns and 
harmful behaviors with their healthcare provider. The participants within this study cited 
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their own attitudes as a common barrier for behavior change. As an example, they may be 
too embarrassed to admit to a desire for lifestyle habits of eating foods rich in sugar, fat 
and salt. Time pressures and laziness were also barriers for preparing healthier foods or 
finding time for exercise. Nurses should utilize motivational interviewing techniques to 
create an environment where rapport is establish, barriers are discussed, and a dialog 
ensues that rolls with their resistance to change behaviors. Armed with the knowledge of 
a CAC score nurses play a vital role in optimizing the teachable moment to assist patients 
with behavioral change. Patients faced with the knowledge of the health threat or 
potential harm, should be motivated to take actions to reduce their risk. This study 
highlighted the potential of this technology as a tool to enhance motivation for behavior 
change.  
Future Research 
The CAC technology is still very new and many questions remained unanswered. 
Future research should utilize a larger more diverse sample as 89% of the participants 
were Caucasian, most highly educated and financially sound. A larger more diverse, 
economically deprived, sample is needed to ascertain whether or not these findings would 
occur in a more diverse sample. Further, while this sample was highly educated, it was 
not known how knowledgeable they were regarding CVD, as it wasn’t measured.  
Measurements should be obtained such as lipids, blood pressure and weight rather 
than relying solely on self-report data. Longitudinal studies are needed to determine if the 
behavior changes observed would be maintained over time. Three months was too short 
of a time to really measure the constructs contained within this study. The peak in risk 
perception change may have been missed by collecting data three months following the 
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CAC scan. Future researchers should examine the time point of one to two weeks 
immediately following the scan.  
To date, most studies have been conducted within major research medical centers 
with highly trained medical staff disseminating the CAC results to patients (Kalia et al., 
2006; Okrazai et al., 2008; O’Malley, Feuerstein & Taylor, 2003; Sandwell et al., 2006). 
What is needed is research conducted within the community setting to ascertain how 
healthcare providers are utilizing the technology within patient encounters (Kalia et al.)  
The instruments and tools utilized within this study performed well and may be 
replicated. However, it was unclear whether the PRHDS tool adequately captured the risk 
perception construct within this study or some other mechanism explained the results that 
were observed.   
This study raised some perplexing questions that may be better answered utilizing 
qualitative research. Is there a deleterious effect on harmful behaviors when being given a 
0 CAC score? Why weren’t those members at highest risk (>400 CAC) more alarmed at 
their abnormal results? What was it about the moderate risk group (101-400 CAC) that 
seemed to have accurate risk perception compared to the other groups? Finally, perceived 
barriers and QOL were found to be the strongest predictors of health-promoting behavior 
but what is their role in behavior change? Answering these questions may be the key to 
unlocking the resistance to behavior change that has been observed among patients.  
Conclusion 
Despite warnings to the contrary, Americans persist in unhealthy behaviors. The 
magnitude of this problem will have far reaching consequences for a health care system 
already burdened by an aging baby boomer population. It is imperative that individuals 
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seek early diagnosis, adhere to treatment plans and modify harmful behaviors to greatly 
reduce risk factors for CVD disease. Admittedly, the asymptomatic nature of the 
subclinical atherosclerotic disease process is challenging for patients to acknowledge 
their individual risk. However, the appropriate response from the healthcare provider can 
greatly enhance outcomes. Nurses play a pivotal role in assisting patients to modify 
harmful behaviors during teachable moments. New interventions are needed as well, to 
provide motivation strategies within nursing scenarios that predict behavior change. 
Working with clients to modify dangerous behaviors and replace them with healthier 
lifestyles will be the great challenge for nursing in the new millennium.!!! 
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Transtheoretical Model Constructs (Prochaska, Redding & Evers, 2008) 
 
Constructs 
(Stage of Change) 
Description 
Precontemplation No intention to take action within the next 6 months. 
Contemplation Intends to take action within the next 6 months. 
Preparation Intends to take action within the next 30 days and has 
taken some behavioral steps in this direction. 
Action Changed overt behavior for less than 6 months. 
Maintenance Changed overt behavior for more than 6 months. 
Termination No temptation to relapse with 100% confidence. 
 
 
Constructs 
(Processes of Change) 
Description 
Consciousness raising Finding and learning new facts, ideas, and tips that 
support the healthy behavior change. 
Dramatic relief Experiencing the negative emotions (fear, anxiety, worry) 
that go along with unhealthy behavioral risks. 
Self-reevaluation Realizing that the behavior change is an important part of 
one’s identity as a person. 
Environmental 
reevaluation 
Realizing the negative impact of the unhealthy behavior 
or the positive impact of the healthy behavior on one’s 
proximal social and/or physical environment. 
Self-liberation Making a firm commitment to change. 
Helping relationships Seeking and using social support for the healthy behavior 
change. 
Counterconditioning Substitution of a healthier alternative behaviors and 
cognitions for the unhealthy behavior. 
Reinforcement 
management 
Increasing the rewards for the positive behavior change 
and decreasing the rewards of the unhealthy behavior. 
Stimulus control Removing reminders or cues to engage in the unhealthy 
behavior and adding cues or reminders to engage in the 
healthy behavior. 
Social liberation Realizing that the social norms are changing in the 
direction of supporting the healthy behavior change. 
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Constructs 
(Decisional Balance) 
Description 
Pros Benefits of changing. 
Cons Costs of changing. 
 
 
Constructs 
(Self-efficacy) 
Description 
Confidence Confidence that one can engage in the healthy behavior. 
Temptation Temptation to engage in the unhealthy behavior across 
different challenging situations. 
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Research Grid 
 
          Authors              Date      Sample Characteristics            Variable/Tools                        Main Findings 
Scanlon &  Ablah 2008 730 fireman 
-87.8% men 
-57.7% >40 years old,        
-18.6% had healthy BMI’s 
! 19.9% had high 
lipids  
Tool developed by 
the researchers 
-75.9% correctly identified CHD as 
leading cause of death among 
fireman 
-90% expressed interest in 
attending programs to learn more 
about CHD 
-Most preferred exercise programs 
in the firehouse. 
Thanavaro, Moore, 
Anthony, 
Narsavage & 
Delicath 
2006 119 women without CHD 
-93% white 
-Mean age was 49.4 years 
-Coronary Heart 
Disease Test 
(CHDT) 
-Health-Promoting 
Lifestyle --Profile 
II (HPLP II) 
-Benefits Scale      
-Barriers Scale 
 
-M=60% on CHDT 
-M=2.61 on HPLP II 
-M=90.6% understood benefits 
Strongest predictors: 
-HPLP II= perceived barriers =" -
0.42, p=0.01 
-CHDT= " 0.22, p=0.01 
-Family HX CHD=" -0.15, p=0.05 
-Smoking past 3 months " -0.15, 
p=0.06 
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Oliver-McNeil & 
Artinian 
2002 33 women 1 week post 
discharge from cardiac 
event 
CHDT 
-HPLP II 
-Tool developed by 
researchers 
-Information gleaned from 
medical records 
 
-15% stated they had not received 
any CVD risk factor information 
while in hospital    
-Smokers did not perceive smoking 
as a risk factor 
-HPLP II and CHDT (r=-0.011, 
p=0.95) 
-HPLP II and perceived risks 
(r=0.055, p=0.82) 
Croyle et al. 2006 496 adults without CHD 
-Men (268), women (228) 
-92% Caucasian 
Tool developed by the 
researchers 
-Randomized to 1, 3 or 6 
month follow-up (FU)  
-Asked to recall lipid values, 
risk category, any physician 
follow up and lifestyle 
changes made. 
-Across all time points 38% recalled 
lipids 
-89% recalled risk category 
-55.3% with the most abnormal 
lipids remembered them as lower 
-Some with highest risks made 
changes while some did not 
Sweden, Persson & 
Friberg 
2009 Adults without CHD 
! Men (6) women 
(3) 
! Mean age of 48 
! Conducted in 
Sweden 
-Phenomenological study to 
explore the lived experience 
of adults that participated in 
a CVD screening 
-Open-ended questions 
developed by the researchers 
-3 themes emerged: unavoidable 
message, reflection on the content of 
the conversation & pedagogical 
theme 
-Participants described an emotional 
reaction to the message 
Kehler et al. 2008 Adults without CHD 
-Men (10) women (2) 
-Mean age 57.8 
-Conducted in Denmark 
Grounded theory 
methodology to better 
understand the experience of 
receiving a health threat 
message from a physician  
-Open-ended questions 
Ambivalence was core concept that 
emerged 
-Discomfort in discussing results 
with their physician 
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Moore, Kimble & 
Minick 
2010 Women post bypass 
surgery, MI or 
angioplasty 
-Mean age 69 
-100% Caucasian 
-Phenomenological study 
 
Three themes: 
-Out of sight out of mind 
-Why doesn’t he talk to me? 
-It’s scary 
O’Malley, Feuerstein 
& Taylor 
2003 450 Active duty Army 
personnel 
-Mean age 42 
-Mean FRS 5.85% or low 
risk 
-Only 15% of sample had 
CAC 
-QOL Short form 36 
-Taylor Anxiety Score, 
PRIME-MD 
-Stage of Change Ladder 
-Tool to gather physical 
activity, medication use, 
dietary intake, and hostility 
level. 
-Only group with intensive nurse led 
lifestyle counseling had significant -
FRS changes at 1 year FU from 
baseline (p=0.003) 
-CAC score was not significant FRS 
(p=0.81) 
Wong et al. 2002 560 adults without CHD 
-Mean age of 53.5 years 
-Positive CAC present 
-Men (59%) women 
(43.4%) 
-FU 1-2 years after CAC 
scan 
-Tool developed by 
researcher check 
 
-Higher CAC was associated with 
new aspirin (ASA) use, lipid med, 
physician FU, dietary fat changes, 
new revascularizations  (all p< 0.01) 
-Increased worry (p<0.001) 
Kalia et al. 2006 505 adults without CHD 
-Men (87%) 
-Mean age 61 years old 
Statin adherence 
CAC score 
-Tool developed by 
researchers 
-Statin adherence, 24% lowest CAC 
group and 74% in the highest CAC 
group 
-Hypertension (HTN) med adherence 
was highest in higher CAC group 
Orakzai et al. 2008 980 adults without CHD 
-Men 78% 
-Mean age was 60 
-CAC score 
-Tool developed by the 
researchers 
Linear significant relationship 
between CAC score: 
-ASA use (p<0.001) 
-Exercise (p<0.001) 
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Sandwell, Wingard, 
Laughlin & Barrett-
Connor 
2006 364 adults without CHD 
-Half men 
-Mean age 55 
-CAC score 
-Tool developed by the 
researchers 
-92% of participants with low CAC 
scores identified their risk as low 
(92%) 
-27% of those at high risk identified 
their risk correctly. 
-Those at higher risk were more 
likely to improve diet, take lipid 
meds, ASA, have FU tests (p<0.001) 
-5% described themselves as “quite 
alarmed” after a CAC score 
-Predictors for + CAC were male 
gender (p<0.006) 
-Older age for lipid med use 
(p=0.006) 
Lederman, Ballard, 
Njike, Margolies & 
Katz 
2006 56 women without CHD 
-Randomized to CAC 
screening (26) 
-Conventional screening 
lipids, BP, weight & 
HbA1c 
-FU 6 and 12 months  
Tool developed by 
researchers 
-73% of sample with CAC had very 
low scores 
-Greater changes occurred in 
conventional screened group p<0.05) 
-Potential deleterious negative effect 
from 0 or very low scores (did not 
see need to change risk factors) 
Rozanski et al., 2011 
 
 
 
 
2011 N=2,137 middle aged 
adults with cardiac risk 
factors 
-Highly educated 
-77% Caucasian 
CAC scan + counseling vs 
counseling alone. 
Measured 
-CAC scan 
-Blood pressure 
-Fasting lipids/glucose 
-Waist measurement 
Self-report 
-Smoking status 
-Dietary habits 
-Physical activity 
CAC group had 
-Improved BP (p=0.02) 
-Cholesterol (p=0.04) 
-Decreased waist (p=0.01) 
0 CAC had 25% lower med costs at 
4 year FU 
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Study Instruments 
 
Eligibility Screening Form 
 
Baseline Demographic Form 
 
3 Month Follow-up Form 
 
Quality of Life Index Cardiac IV Version 
 
The Benefits Scale 
 
The Barriers Scale 
 
The Perception of Risk of Heart Disease Scale 
 
Health-Promoting Lifestyle Profile II 
 
Readiness to Change Tool 
 
High Blood Cholesterol What You Need to Know 
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Quality of Life Index Cardiac Version-IV 
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The Perception of Risk of Heart Disease Scale (Ammouri & Neuberger, 2008) 
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1
9
3
!
!
Final Timeline                        
 
 
 
 
Aug. 25, 2010 
 
 
Sept. 24, 2010 
 
 
Jan. 24, 2011 
 
 
Feb. 1, 2011 
 
 
March 3/24/11 
 
March 25, 2011 
 
June 20, 2011 
Enrollment  
Initiated 
Mailing of 
T1’s began. 
CAC scan 
discount of $25 
initiated (1/24) 
 
Before (1/24):  
 
94 enrolled 
44 excluded           
(Six months) 
 
All T1’s now 
being mailed 
 
(Heart Month) 
Enrolling + 
CAC patients 
 
 
After  (1/24): 
 
120 enrolled 
317 excluded  
(One month) 
 
 
 
Discount ends
Numbers 
plummet 
 
 
March #’s 
 
7 enrolled 
15 excluded 
(One month) 
 
Last patient 
enrolled (3/24) 
Continued to 
recruit only CAC 
scores >400  
 
 
 
None were 
scanned. 
(Three months) 
 
 
Minimums in 
all groups met. 
 
 
Enrollment 
closed. 
 
Raffle gift 
distributed 
 
 
Gifts to staff 
disseminated 
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Reliability of the Instruments with Subscales Used within the Study 
  
 
Reliability of the Perception of Risk of Heart Disease Scale (PRHDS) (N=171) 
 
Instrument 
 
! at Baseline ! at 3 Month Follow Up 
Total PRHDS Scale 
 
0.85 0.82 
Dread Risk Subscale 
 
0.90 0.91 
Risk Subscale 
 
0.70 0.65 
Unknown Risk Subscale 
 
0.56 0.50 
*Reliability reported as a Cronbach’s alpha.  
 
 
 
 
Reliability of the Quality of Life Index-Cardiac IV (QOLI) (N=169) 
 
Instrument 
 
! at Baseline ! at 3 Month Follow Up 
Total QOL Index Scale 
 
0.92 0.96 
Health Functioning Subscale 
 
0.88 0.80 
Social and Economic Subscale 
 
0.84 0.84 
Psychological and Spiritual Subscale 
 
0.91 0.91 
Family Subscale 
  
0.76 0.77 
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Reliability of the Health-promoting Lifestyle Profile II (HPLP II) (N=174) 
 
Instrument 
 
! at Baseline ! at 3 Month Follow Up 
Total HPLP II Scale 
 
0.93 0.94 
Health Responsibility Subscale 
 
0.82 0.80 
Physical Activity Subscale 
 
0.84 0.85 
Nutrition Subscale 
 
0.75 0.77 
Spiritual Growth Subscale 
  
0.77 0.85 
Interpersonal Relations 
 
0.85 0.86 
Stress Management 
 
0.71 0.78 
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MOST COMMONLY CITED QUALITATIVE RESPONSES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
217 
 
 
!!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!218 
Most Commonly Cited Qualitative Responses 
 
  Number of Participants that Shared Comments about Experience /Lessons Learned  
Category 0 
CAC 
1-10 
CAC 
11-100 
CAC 
101-400 
CAC 
>400 
CAC 
Total 
Relieved/Elated 38 11 7 4 - 60 
Anxious/Disappointed - - 2 11 6 19 
Indicator of Vulnerability 2 6 10 5 7 29 
Importance of Lifestyle 
Changes 
13 7 19 13 3 55 
 
 
 
                   Number of Participants that Gave Reasons for Obtaining a CAC Scan 
Category 0 
CAC 
1-10 
CAC 
11-100 
CAC 
101-400 
CAC 
>400 
CAC 
Total 
Concern Over Risk Factors 24 12 25 11 13 85 
Preventive Screening 3 6 4 10 3 26 
Attractive Price 6 1 7 4 2 20 
 
 
 
                                   Number of Participants that Stated Behavior Changes 
Category 0 
CAC 
1-10 
CAC 
11-100 
CAC 
101-400 
CAC 
>400 
CAC 
Total 
None 18 3 11 9 5 46 
Dietary Changes 20 15 21 17 10 83 
Exercise Changes 15 13 16 14 8 66 
 
 
 
                           Number of Participants that Gave Barriers for Behavior Change 
Category 0 
CAC 
1-10 
CAC 
11-100 
CAC 
101-400 
CAC 
>400 
CAC 
Total 
None 5 1 3 5 6 20 
Attitude 11 7 12 11 3 44 
Stress with Work and 
Family 
11 9 24 4 2 50 
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